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'\ I'Jin,mnl Policy on UiUraPon fNPRi IWi envisages a vsm! iop ini .-uwico win. amm in 
.[ v loping wi H du inrd obilnu.3 mthe c<igmtive afloat w and psychnmoiot dumaim in childiwi 
Th, - '’Mould W uhlc i<) imden'tand, mterpict ami final wish rho vcuiuus Ihings and phenomena 
,ir.j!,ii'l th-mt in a mum ,c vnLil'ic way To achieve (he desired justhc the science cumuilunt at all 

i uvh (.1 i. In ml i flucutnm has hmi icdesigncd in ihc light ol the new development'- in ‘.nun e 
ami n choulogy and tie new needs lo widusnnd it Nw dl es to ;u y, ttioie have bout tiwneml.Ai; 

ii hiaV'anUi’f; in om lOuulty in the held of < duwntiun, howevn, there if, still u need in ivolve an 
< Cw ir e '.tiuf'Vtv for implemcntm;', the si icm c leaching proginmme to aMiicvi die objectives 
■ i,<ii d m ijn Mil PK6 leeping m v lew out past experience'gpn nut need .and futuie e\pw 1 1 - 
tion ’ 


'I In pH , nt .'ohmic has hvn developed m oide: to piuvidr, guickhm to SloU:-lcvd mlm anon 
[).(■. "on uii, voiding in flilleu nt a teas of the » tome reaching ptemomune ft is i 'paled lhai 
dc/i /uidHira; will help die uln'tition funenonane., in the slaws in implementing the ecu me 
tc,i' programme elieciively md as visualized ntivNFT, I'-ibo 

The miMnl planning (of (he development ol this maleual was dom In/ a giucp coma ling fit 
I’irhu'f'i P f), slmkta.Dr Hmhin PiakasliandDi, K.B « uiplaol the Dqwhnrm ■ I'Eduuumn m 
S ji rum and M'UhnmUw g NCEP C The academic needs of the State s ioi iniplonu nting the v lent e 
c‘di,v,it'Oiipf.'priirnne wvioidt nulled inamccting with Kpnscn'ativesof various Stales &chn alien 
I •' paiuiii nt.. Keeping tlio needs of the States m view, the meiribeis ol the group djvdnped ilu 
In .i dialt of g,uidchiii' 1 ’, in some selected ;uea,s ol .science education The matcrnl was luithct 
d- pi d m a workshop held in die Physics DepailmvUot iheOsmnnm (Jitivetmty, Hyderabad. 
1 In uiai'Mal was initially editefl by the gump inemhci.s it was then review mf| h/1 )i, p noviuda, 
Snm>r bellow, National Immune nl Edtii altonalPInnmtn'.Hnd Arlriuinatiaiioi', Ne v Delhi, hnally 
Ihe maim wipi was C'’itefS by i n, Biahm Prakash 

■ ’hunk Pdiilcr sor K Rama kwkly ol lite Physics Depaitm "i,•: ai f M ■, > My ; ,:!, ■ I 

Ioi poriditig la, ditiu: to hold die woikshop, and Di R, (ji > i. 1 , „ i, ■ ,, , , .. . 

iv wnlim; libel’ll suejesiums I also thank the participatin' 1 n ■ ■' a’ ■;: i. 1 ,, " • d, i 
'''hiahi ami‘ii'nif.ccmi i onndniPon m the d’vc'op . 1 ' 1 , ■ <i i ,m a,, 

'' 1 ' T a " 'jnnguly, H'ad, bepadment i ■ I >, a, a is,, 

' ' i -ra'ami ,sf hve gnu 1 mi, in the tit' >.<(•■' , 1 h, i 1 - , 

t ‘ ShukU IV fiiahrfif'ul'Viha’Vil . 1 .. . , ; . , 
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SCIbNCliTf ACHING GUIDMiNTS 


extend science education to the vast numbers who have icmaincd outside the pale 
of formal education. 

3 Childicn with special talent oi aptitude should be provided opportunities to proceed 
at a lastei pace, by making good quality education available to them irrespective of 
then capacity to pay tor it 

4 The availability ol books at low prices is indispensable loi people’s education 
Etloits should be made to secure easy accessibility to books toi all segments of the 
population Mcasuies will be taken to promote the quality ol books and to develop 
the reading habit and encouiage creative wilting. 

5 Educational technology should be employed m the spicad of useful mfoimation, the 
tunning and renaming of teachers to improve quality - both in the formal and the 
non-lot mat sectors. 

f, The generation ol telcvant and culturally compatible educational programmes 
should form an impot tan L component ol educational technology 


1,2 Objectives of Science Teaching 
1.2.1 The Upper Primary Stage 

The objective of teaching science at the Upper Primary Stage aic to 

1 Consolidate and strengthen the abilities acquit cd at the Lowci Primaiy Stage 

2. Help the pupils understand and appreciate the nature of scicntilic knowledge that, 
(i) it is replicable 

(u) it is based on observation 
(iuj it is tentative 

(tv) it is empirical 

(v) it is holistic. 

3 Emphasise the relevance ol .scientific knowledge arid ol the method ol science in 
daily life 

4. Creme uri uivuormn ui conducive to gieatcr reliance on the use of principles and 
pi acutes ol si ionic 

5 Acquaint the pupils with the dilferent natural phenomena 

6 Develop an understanding of scientific language (symbols and lomnulae), 
knowledge and skills lor designing simple experiments 

7 Emphasise those pi maples, concepts, laws and theoi ics rtf science that are relevant 
lor interacting with the envuonment 

8. Emphasise the unity of processes in the dillcrent disciplines of science 

9. Develop the scientific attitude, such as open- irundeduess, intellectual honesty, the 
courage to question, and respect for human dignity 

10. Emphasise ihe steps involved m piopci clcci.sion-nmking based on the scientific 
method 
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11 Use science ns n means ol developing proper social and moral values m Lhe pupils 
1.2.2 l he Secondary Stage 

The objectives ol teaching science at the Sccondaty Level ate hr 

l. Consolidate and strengthen Lite abilities aequued at the Uppei Piimaiy Stage 

2 Acquue an undeistanding ot sc icnlrfic concepts, principles and laws 

3 Develop lnstiumental, comnmnicalional and problem-solving skills 

4 Develop the scientihe temper and the scientilic attitude, such as open mindedness, 
intellectual honesty, the coinage to question, and lespect fot human dignity 

5 Cultivate social, ethical, moral and aesthetic values, which exalt and relate the hie 
of the individual and the society 

f) Appicctale the conlnbuhons ol scientists and develop sensitivity to possible uses ol 
si tenet 1 , and concent toi a clean enviionment and the pieservaticm ol the ecosystem. 

1.3 The New Science Curriculum 

In the new science utniculum, the content has been organised on Lhe basis ol two considerations, 
namely, Lhe coniempouuy developments in science and the learning ability ol the child The topics 
ate piesented sequentially and hierarchically on the basis ot complexity, from the concrete to the 
absltact The learning ability o( the child piogrcsses with ln.s mental development As the child 
pmgtcsscs hom the pre-primary to the pi unary stage, his mental development piogiesr.es Ironi Lhe 
pie-opciational stage to the concrete operational stage Dtumg Lhe lattei part ot lhe Upper Pnmary 
stage, the child gradually moves on to the formal opeiauonal stage. 

The new curuculum has been designed in consonance with the levels of mental development ol 
the child ft would piovidc piopei inputs and naoie secute connections tor the transition liom the 
pie-opeiational Lo the conuetc and from the concicte to the formal operational level of mental 
development The fotmal-level concepts should provide experiences in terms of examples, 
analogies and activities so as to make them easily undoistaurlable 

I. 4 The Structure of the New .Science Curriculum 

Science tor all is one of the most important iccommendatiotis of the NPE- L986 regaiding science 
education. At the Uppei Primaly stage, the cuniculum oigantsauon should loilow an integialed 
appioach In our enviionment itscll, all ol us experience the laws of naliuc — not as physicists, 
chemists or biologists, but simply as human beings. Science is, theicfuie, one integuited whole 
and has always bean so. The integiated science cuniculum icflects this unity ol science 

Up to the Upper Pnmary stage, moic stress is laid on developing the concepts in a qualitative 
ntannei without any emphasis on quantification. Fiotn the secondary stage onwatd, the leantcis 
should develop the ability of quanulying of ideas and piecisiou in lneasmement. This requites the 
introduction of rigorous laboratory work, protects, activities in science, etc 
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Curriculum Development I si Science 


Science is dynamic in its nature The knowledge ot iciena* keeps on changing, the existing 
knowledge being continuously modified and new knowledge added Seteutilic advancement and 
technological piogtess necessitate modernization, and therclorc die restuictunny and updating ol 
the L'uiuuiltnn t'i demanded iroin tunc to lime. This natwe ot science tequucs tin* science 
cumeulum to be dynamic enough to respond to the changes m contemporaiy science, tt should 
also respond equally well to the changing goals of genewl education 

2.1 Abilities 'Rspeded to he Developed through Science Teaching 

Science education should develop well-defined abilities in the cognitive, affective and 
psyohortioloi domains, ft has been visualized that a petson with scientific hteiary after ten years 
>1 schooling must have the lollowing seven abilities which have been identified by Yash Pal 
Jomiiiittec constituted by the Department of education in science and mathematics NCLRT, and 
tesenbed m its report 

1, The ability to understand the following nature of scientific knowledge: 

Science is tentative, public, replicable, probabilistic, humanistic and empirical. 

2, The ability to properly apply appiopuatc science concepts, punciples laws and 
theories, in interacting with the environment 

3, The ability to use the process of science in daily-liie situations tn solving problems, 
making decisions and extending one’s own understanding. Thcdifleien! components 
oi the process of science arc 

Classifying, communicating, controlling variables, defining opciationally, design¬ 
ing experiments, formulating models, hypothesizing, inletring, mtcrpictmg data, 
measuring, observing, predicting, questioning, using numbers, using the space- 
time relationship. 

4 The ability to interact with various aspects of the envuonment in a way that is 
co sistent with the following values that under line science 
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Longing to know and undeu.lancl, questioning of all things i.eaich Uu data and then 
meaning, demand loi \ indication, icspu t loi logit, consnleiation ot piemiscs anil 
consequences 

5, The ability to undni stand and appru idle the joint enterprise of sc lent e arid (ethno¬ 
logy and Lite iritmelntionship 1 : ol these with each other and with othet aspects of 
society These lac.lois ol inteueljlnmsliip among science, lei hnolngy and sock ty 
me 

Relationship between science and technology, vent table pioposiuons, social in 
riueiice ot science and technology, ultimate value ol science knowledge, impact of 
science and technology, Si inncc requues openness, societal conuol ol technology, 
public understanding gap, resomccs lor seicnce/technology, limitations ot science, 
and technology, scientists and technologists me human, science/technology and 
natutal tesouices, science and other realms. 

d Develop a nchei, more satisfying and mote exciting view of the untvcise arid 
continue science education thiuugliout hie. The lactois necessary lor development 
of such a view ate 

Interest, (.onfidcnce, media pielcientc, explanation preference, avocation, con¬ 
tinuous learner, response ptefeience, new pielerencc 

7. Develop the following manipulative skills 

Using ol simple machines (screwdriver, saw, curksciew), tneasuting skills (with 
knowledge of units used lot various measurements), use ot common agricultuial 
implements used tor piepanng soil, sowing, ihicshmg, urigutmg, hat vesting and 
stoung, inamlenancc ot bullock-carts, cycle and scooter, changing of luse wue, 
using tlieimonietei and balance, handling domestic animals, use and caic of 
micioscope, meter stick, camera, calculator Upe-iecortler, use ol the following 
equipments — graduated eyhndei, timing device, sphygnomanometer, oscillo¬ 
scope, arty instrument that tecoids data as a 1 unction of Lime, ammeter, some 
electronic instrument (like pi I metci) llutL measutes current as a (unction ot some 
other physical vtutable. 

The content and the learning situations pertaining to the above listed competencies have been 
discussed m a separate publication entitled Science Education Jar the first Ten Years of Schooling 
developed in the DESM (NCERT) in 1987. The lacts, methods and practice of science should be 
used as Looks for developing the abilities and values already stated. Scientific knowledge should 
also help an individual to question the existing belief;: pmiudic e.s and practices Tt should also help 
the child to search foi Until and owlet in dillVroni aspu t ■ 1 Me to make it mote harmonious. 

At the Upper Primary stage, the cmki n. led to consolidate and sU'eiigthen the abilities 
acquired earhet The objective should be todcvelupau understanding of certain physical, chemical 

and biological pi iticiples and then iC' ■ ■ ■ ■ t i- pi i '.. mi. "t .• t. > 

as m daily life. The child should also., ■ , -h ■ .. • ■|t , t, >■' 

in designing simple . -;k m>. picii,** ot manual phenomena. 
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Al tlu secondary stage, the leainei slioi'Id hi.' able to nuclei stand further tin liasie s(ok line and 
piinciples of ac lenre, with special ldctctu e in the rclauon of .science In agm ulLuie, mduslty and 
technology 'I ho teaching ot science should develop tin insight into health and envuonmenl Mine 
sties’, should he laid on piec ision and ticcuiacy id quanlilative, mint,moments, on collection, 
pie,si 'illation and analysis id data and on di awing mleienix shorn them. The, learner .should develop 
the ability of piohlem solving 

2.2 Common Core Components 

India is a vast eountiy with wide, v.uuUonsin its diffei on t parts with inspect Lo language, leligion 
cultme ancl socio-economic slums. Some ol these have nidnectly affected out educational 
endeavour It is essential to bring comparability in the educational standards across ddlcient 
legions One common cintiuihirn cannot he implemented in nil paits ol India due to the existing 
flivusuies.mil disparities 'f’hc ciuricul.ir elloits should be, duected to promote national integration 
social I union and eulUvation ol values as enshrined in the constitution Thecuitieuluni should hi 
cenleied mound the essential learning oulcoines lor all learnets as mentioned earlici in regard k 
the abilities lo he developed 

However, the eiinietiluin should he diaiaUcuved by a gicat degree ol flexibility in icspeu ol 
content and design ami should be based on local situations. 

The hallowing aie the common me components to he encompassed in a cumculurri: (i) India’s 
common cultural henuige, ( 11 ) egalitarianism, (m) democracy and secularism, (iv) equality of 
sexes, (v) protection of the eiivuonmeiit, (vi) removal oi social baruerji, (vii) observance ol a 
snmll-lainily noim nml (Tup lricuh alien of (he scientific tempei 

Id Ctlorls ol the NCEHf 

In the direction of euiriuilum development m science, the Department of Education in Science 

■ " I el . m . ! ”'CF.RT d.* ■ J mi hue .1 1 \P I. ' * Hpn < n < ... 1 

■ii ' i . i| 1 '1 ii 1 . 1 1 1 1' 1 1 1, 1 ' !I..in nd I :,.i’ < il 1 nullil i 1 n 1 j.'ii 

1 ■ ' .. , 1 •! „,i j,' ■ J t i ... , ,| ■ _'.lj Ii I, I..J|,. ,|l || 

1 1 ' 1 in ' .'i . ■,. 1 ,ii t i . ii 1 an 1 . 1 ! .-it' iimi ! a 'l■,''ll■ll s' 1 1:' . 1 * < 11 in il, 

I " i 1 ini '' 1 1 alk . ■. Ji 11 . „ lii 11 ■ ■ 1 ■ 'I pu ■ ■ 1 ' 1 ' 1 111111. a!. 1 1 !i.ii I, a 1 

II 1 h' 11 ■ teacher'sgm I 1 ■ ■ ■ ■ ■ ■ 11 »*uii 1.. 1.■ _ ■ 1 .1 m 1 I "it. a i,■ i, liiiig I.‘a.'niii 

■I I. '"h, ■ 1 ) activity 

2.4 The Rule of the States in Implementing the New Science Curriculum 

The wieni e, euriiculuni developed by the NCFRT loi the. Upper f’umaty and fimiuil.uy stages 
1 tlimot be* implemented in every suite ol the country due to the huge, divei aties in educarmnal 
laCiliucs and disparities: in eultine in six 10 -eennoinic stand aids and, above ;dl in tlu physical 
euvii'mmem. The Siam" may theidcnc adapt the NCF-RT cumuihiiri In these cases, the con 
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curriculum consisting of ttie basic principles and laws of science, should be retained in orou 10 
maintain the minimum educational standard of the learners The common pimuples and laws ot 
science should be developed in textbooks on the basts ot the things, occurrences and experiences 
ot the learners in the immediate environment Changes oi additions ot .examples may l*e made by 
incoiporaling topics of local inipoi lance The curriculum developers, while developing the science 
content, should keep in mind thai the content o! the nuiieuhim is the medium through which the 
goals of general education, laid down in the NPli- I'-tflo, l>.ivi to he achieved 

2.5 Modes of Development of Cumuilai Materials 

Them arc various modes for the development of cuniculai niatciials Two mam modes me 
discussed here. 

(a) Thimigh writers wotkshop:; 

(h) Ttuough the ldenuticd uuthois 

2.5.J Through Writers Workshops 

A wnteis’ wotkshop, consisting ol about 20 participating iiicmbets (subject experts, praclismg 
teatlicrt;, method masters, per ions woiking in voluntary agencies) may be organized by the Slate 
Fillur aiion authorities responsible loi dev Jopinj' lhe cuuiculom The duration ol tins workshop 
may be 10-15 days, depending on the content to be coveted fa the beginning, the workshop 
inembeis may be exposed (through documents .xni in advance) to. (i) die philosophy of the science 
com scs, (u) die basic pi maples of developing eutiicular materials, (in) the pedagogical considera- 
itms, ancl(iv) alonnatlor developing the material through various lectures Then the participants 
may be divided into groups ami allotted one to two units ot the subject each. The groups should 
Dicpaie the concepts and sub-concepts foi the units allotted to them. These concepts arid 
.ub-ooncepts should then be discussed m the whole group lot modilication Alter this, each 
anticipating member should w, do the material on each sub-concept of the unit allotted tu him/her 
in a commonly agreed style and format, finally, the enure, material should be edited by a team 
consisting ol two to tin cc member.:, The fust edition nidus hixik may be treated as an experimental 
edition After a try-out for one academic session, the material may be revised on die basis of the 
cedback leccived. 

2,5.2 Through Identified Authors 

The State educational age ‘ ‘ ■■ . ■ u 1 • . ,i i ■ may identify the authors 

from among poisons who ■ ■ ... . . ng research workin some 

area ol science oi .science education An experienced senrot person». u. ■■ mil,' o io,-i. ■ o ■- 

chautuaii ot a writing team. The authors and tin chair man ot die ' ■ ■> ..■• .. h 

syll.tlms viwi-i'i.i the objective of:« lenct tcachii'i; mefiiioiied m tht ■_ ,,i hm ■ a 1 '. i- -p m 

achieving tin goals ol s< imicc Leaching Next the tommuoi wining ;■ -y. .i • ■ i«», .,■, ■ 

dividing the whole syllabus into units each audio: may tx assigned one to tluce units Alt the 
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uulhuis would wiite tin- required mateu.ils m a pie deuded lomial Aker all die units aie widen, 
the Stale agency may oigtuu/e a woikshop to get tin 1 whole manuscnpt reviewed r lhe audio's 
may lmali.se the units attending to die suggestions received iri die workshop. Finally, die edilotts, 
may edit the material and make iLpiesswoilliy 

2.5.3 (kddelities lot die lh eparntion of In.sti notional Malm ial 

1 he wnting o( msli ac tional nialeual is a highly technical work Given below ate a few unpoitar, 
points which will help the authois in writing good material 

I The Tex [book 

1 1 he author should .slate the learrung/obiectives tot die unit in the beginning. 

2. The lopics should be ptescnlcd in such a way that ahstraU/loimal concepts are preceded by 
umcicle matenals and analogies existing m die nruTiedmtc envuonment. 

3. Simple activmes may be given wheievei possible. 

4. l he inter disctpliuaiy apptoach should be given due considetamm. 

5. Propet illustrations should be given wherevei necessaty 

b, An adequate number ot diagrams, giaphs and charts should be used to convey the idea ol a 
concept, riluslnitions should nut constitute more than 33 pet cent of the wriLten material 
7. Each section in the unit should be followed by a set ol questions to test comprehension ol the 
content given in it. 

8 Questions should also be given at the end ol the unit These questions should be of all types 
— knowledge, compiehension, application, analysis 

9 There should be ptobletns intended to develop problem-sok ing ability. 

II The Teacher's Guide 

Tin. (e.iiheiT .nude is meant lo guide a teacher in using a particular textbook The nfaterial in die 
'1 Ciidlers' Guide pmvides suggestions to teaehets which help him in more effective planning and 
mm lung da suhjiYi li also provide 1 mom examples related to a concept; analogies, elabotale 
explanations ol tin conccpis, and demonstration experiments Each unit in die Teachcis’ Guide 
should eormsptnul lo a mm ol die, textbook without duplicating the material. The Teachers’ Guide 
may be developed on the following lines 

(A) The Introduction 

li pi os idt’.s a bind ovetview ot the unit with sjicciul reference to the content and highlights its 
pomix oi appiuJi h The introduction should lx; motivating and should bring out clearly die aims 
til teaching tin; unit. 

IB) Objectives 

fhe objectives to be achieved ate given in behavioural terms in each unit. 
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(("’) i'he Content and us Presentation 

The content pnnodes guideline, 1 ' tu the lcnchci loi step wise ptoNerilatirn ul (tie snhj<" - t .ivli> t in 
lenns oL alltriiaiive apprnHdn.s, domoiiMiation, unpiu vised '"qinunenl.s, nmi|t 1; duels and 
etudenlai livitii ;• The additional matuial, wheaovei nei ess.ny, is also include d tu licit e du subject 
nidtlei muio comprehensive and easily undeisiandable 

(t») Rcfctern a 

Tin. inline;: ol hooks popular journals and niagu/unrs may he pm/idi d at the i ad ol n unit 

!'! The Evuhnnion Mali i ml 

[an mauve evaluation mea.siitrs ilv edenl 'o vhieh the ohji i lives ‘it a unit have been nducvi d 
vSniuniriLivc evaluation incasun s die dual outcome ol Inarmin' by i u| il:: 'the evaluation matuial 
helps a Inaehei m htuh loimaiive and sununative evaluation ol Ini/li > [lujuls 

The avadabdity ol good ijiir■.lions, dierolon is uiiimoco d nr' »•,n v 'I he e ,nvt m.'nt way lot 
piovichny Ihis is in develop a tolled'on nl ciun.slinps to < nun nil ini. IF ‘.m,d tihdiues f'l an. an. 
si t ddicieiit al'ililti s — knowlubje, i.oo'jin ht iimui,, apple mi >n an ih" is, v/udiesi 1 ' m levalua- 

LU III 

/ vp. n/ iJtWMirm Item > and < lindiimrr, 

/’>r 7 lint Const/in non 

f lie ter in i [■ l< stion’ e; assn coded will' die shod and mop ..ar, "/m l;i.l , a u\'"lull, u» 

n mi in m eu, ,sof nil'■( y/dli ihi; nh)‘c io't n/u me >m ns iVm . >. ■ y, hio u ■ ji imiijul 
tjiie dions/m im 
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u) Matching Rems This type ol itrm consists ul two lists in two columns The sludenL is inquired 
i) matc.li ihc umlerns ul one list with those of the other The items must speedy the basis ol 
Hatching juil type ol matching 

(m) Multiple Chun c Item A multiple choice item consists (a) a stem which is written at the top 
ul ilu; ih m cither in [he kmn ol a clitecl question 01 an incomplete statement, and- (b) three (o five 
upturns, given one below the other. The options contain one righL answer, the remaining three lo 
lour Ik mg cl r sir actors, 'the stem may be a diteel question 01 cm incomplete statement In the stem 
newimes should he avoided Anything that needs tube repeated in each option shuuld be iijcluded 
in Hie Mem The ‘disLuiclors’ must act as ‘chstractois’ to students ol the higher ability group and 
as 'amadous’ to those ol the lower ability group. The correct answer should not be dually visible 
from its length m pieusion Fuilhri, thecoucei answers are randomly arranged 

All the opiums should have the same kind of relationship lo the stem, with respect lo content-niatlci 
and language They should fit with the stem in terms of tense, article and grammatical form The 
answer in the option must be correct beyond any argument The chstiactors must be incorrect but 
similar to the correct answer Foi this, the common misconceptions and common errors of students 
may he used in chslcaUOfs The u.se of tin* words ‘all oi these’ or ‘none of the above’ .should be 
avoided as lar as possible, 

(iv) Rearrangement!term ■ In these items, die student is icquiied to rurange the randomly picsenied 
sulqccL material. 1 he icarrangcment may be in terms ol size, order of event,s/reactivrty/magnilude, 
etc 


Supply Type IternsIQuesitons 

This lype of item requires answers to be supplied The form of the answer may be a single word, 
a phrase, a sentence or an essay These ltcins/qucsiions may be divided into the following five 
categories, (i) Simple questions, (u) Completion, (m) Shoit Answer, (iv) Long Answer, and (v) 
Problem-solving 

fi) Simple Questions The simple questions have short and clear-cut answers. These aic direct 
questions, v.ith the answers related 10 the mam point in the question 

(n) Completion Type Items In these, the student has to provide a word, a number or a phrase in 
the blank space provided m the question The blank space should be adequate enough Lo 
'lecuinmodate Use answer Shriller or longer blank space than required for the answer sometimes 

mmleads the student.;. 


fm) Shan Answer Iteins/QiiLStions This type icquues a very short answer in the form of eithei a 
lew sernui' «; ,ji ,1 diagram tu a small nunu rtcul The statement of the questu« must be clear The 
> of the v/i ■rd-, "b 1 icily’ ‘short notes' etc is avoided The scope of Liu- answer must fie limned 
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(iv) Li >ng Answer Questions These ate essay type questions, requiting long answers The questions 
m this integrity should have imiestuctcd iespouse In addition to lesling knowledge, tlie high' 1 ! 
mental abilities ol students can also be tested by tins type ol item Action veibs like ‘< ontrasl , 
‘discnuimalc’, ‘compare’, ‘explain’, ‘prove’, ‘show why’(pi how), ‘define’, ‘ichile’,etc , may ce 
used in writing tins type of question Phiascs like ‘discuss briefly’, ‘wnte an essay’, ‘expln n 
bnetly’, etc may be avoided. 1 he question, should be specific and unambiguous. 

[v) Emblem-solving Items Animation rcpicsentingapioblem is given as a question Thcpiobh m t 
may he open-ended oi close-ended Open-ended problems have more than one solution, win 1 ' a 
close-ended ptoblem has only one solution 'I hi pmhlcms should be open-ended as tar as posml - 
Problems given in the textbooks should he avoided. 

IV Development of Supplementary Reading Material 

Everything cannot be put in a textbook Many .students would like to know more on a paxlic ul. i 
topic. Supplenicntaiy leading matoiials should serve this purpose Also, one ol the lmpoitu u 
i ecomme tidal ions ol the MPE-1986 is that children with special talent oi aptitude should 
provided the oppoilumties topioceed at a taster pace by making good quality education availul 
to them, On the odiet hand, the slow leamcis and liist-geneiation leaincis should be allowed in 
set then own pace, Different kinds ol supplemenimy leading arid culturally compatible scion 
education material can be developed loi the two calegoi ic.s ol learneis The learners witn spa > 
talent may bo piovided the mateiial which emphasizes the application ol science and helps . 
develop Ihe highei mental abilities. These students may also carry out project work and panic ipnh 
in out -01 -school science activities such as science exhibitions, science club and debates on current 
topics ol science Material that provides guidelines toi these activities may be developed and given 
to the students A,special kind ol ennchmenl/supplemcniary material containing cmient inhuma¬ 
tion on impoitant science topics may also be developed and made available to them 

Given below is a list of suggested topics on which the cmichmcnl materials can be developc d t< >i 
Upper Primaly and Secondaiy stages However, the depth and treatment ol content mailer wi 1 
vaiy loi the two stages. 

List of Suggested l'opics for Supplementary Reading Materials 
I Energy and Energy Resources 

Importance ol energy, soune of encigy, wood, coal, petroleum, nuclear, geotheimal anf 1 
cneigy, wind encigy, hydroelectric and sol.ii enetgy, etc. biodcgiadable souices, plao . 
purposes lot which these souices of cneigy are used, fuel efficiency; met its and dements o! v.. 
sources ol cneigy, Conservation ol energy 
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2 Environmental Pollution 

Line's’ balance arnl its dislurbaniv as aain.e oi pulhiluin, an and veatn pollution, pollutants, 
ection of pollutants, .Silunt Valley pi0|ccl, ('lupin tnoveinrni, cleaning of Cintiga pui|oi_t, 
nimcla valley pio|oi t 

i L,onc;-l(‘nn Sttah'xics lot Solving food c <finrlti^t’ 
iud rcM/inocs veisus population: (actors at It cling’ 

fa) food shortage- 

(b) food production 
(0 lood piosei vfitioti 
id; emp protection 

(e) modem agi luiltmal pr.ir-ru ei; 

(h small iuniily ihuiiis 

4 Si u'ncc’baM'd Hobb>c, 

(a) Gardening' plain collection, grading and hriuling e^pcnniuif:., 
fh) Pollution study. 

(c) biological smvey 

(ill Interactive r,built. and models 
(c) deatdn;’ nl animal'- 

s 7 he World of Mn tow ope Oi vain.'hr, and Vn useii 

d, till h [on I types ot ci 11 s I issue, ./midi -ooUrdnic.irii me. such :r t iinr<i’i<'i. jii'im' din m o:i._ li.i 11 
‘i:i,'li die hisloiy i ullining, 11 onoiiis unpoitaiKi 

f> /'hi 1 i'htnU >\n>nnd 

‘(''em i}[ic" of plant:; onid ideu tounnini p inn ■„ ('aim i'«• >• ilm u - m : ut ■ ■ e "mo dm |i 
n< iun\ WMSiin-i in v.diK'li itu v a/e nmulid;!. ocoiiorii' itij.i, ii>< i 

/ Piolei Hnoiovv in the Mtuh tn WmU 

i‘ ’-enmtry liotcu gas, onem , I ■ mi si ’> l>-< of /m. pj, s in moh ,i ■ } , n,i! c v, i r ,< mue , n .udu, 
o''lic’iin , imriuiliini m in n, eni'iiii mm;, i n 

n I hr 1 dill. r,\r 

o', sol, u s’, stun, pi'ni'. i" nn I plaiicuu j in ml'W'* u no. u S'n n pisnci' mo .soil • at I lm ■ |p. 
■1 , ay uidgahi c, ih( dn m poilanei <■! -iTtii■ _i.<i mu,I nn ■ oiui iiiodi ,c ti H .s.ius 
■fiic. tn n, c in In l,a and in i-di'r< oiifiliic. 
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9 Alum and Aiomii Erie/ gy 

I’hi atom is the tinuliirnuilal pm tide nl mallei, the .srery oi an atom, bunding eumgy oi a nucleus, 
iiniuul disintegration iJiannnn, uuclc.u icacnon, control nl nuclear reactions, nuclcai lud, 
hspnsal n| nm leaf jiiodu' a, arm sh problem 1 , atomic energy lot puKdul pin posts 

!U FluUllA 'Ml' l ihw, 

I'VpIaiemuii of me id compa,, mb by pliijtR uMinm, simple plushes and libit* chemical 
iiialcnal,, pun. piles ol ihn ]Kq*manon, irnpctani niujMties such as tensile strength, elasticity, 
ilicnii tl sumlily dr , use nl pRidics and libteti w-a ms (lieu pinpoints 

/1 Ihf Natinnl Wealth oj India 

I? Metols and Mine) ul $ 

DisUibuiiun of dements m umiae, urns and mmeml;, ami then places oi occurrence, pereemage 
composition nl clement 1 , present m ores anil nuuenil,;, consumpiiun - ■ how much consumed m 
Inch i and now mut h c/pmicd 7 Applicationso! natural n source* ui hie, apisulturai wealth, tonsil 
lud,, ( hum i nation ol naiuml wealth 

1 1 d mm j in Ewryilay Lijr 

Unmet tic — kitchen, (leaning and wa.,hmg agents, human Health and hygiene ElecttiuLy, 
ir.iiispuiniiinn, t'oiiimunicatioii, doming, housing etc 

d he slow kumis should tie provided with a ddlerut land of supplementary material tlut will 
lu-lp lh(‘m to :»v I then own pace Thematuials undei this category should budge the gap be tween 
die pieviou; knowledge of the learners and that required lor undei standing the present science 
cumtulum Aitempis should be made tti relate lilt content with then surroundings, giving more 
lucid ami lunnliai examples and conuete materials. 

t he supplementary reading materials may tie developed eathei through workshops or by commis¬ 
sioning duthins followed by revising and editing, 



CHAFFER 1 


Science 


Irx 


a 



[i . 0 * he most important link between the uunuih'm t Em me and developus and the 
intuit' ol the cuatculum (the students) He plays a <, oi. m die implementation of 

tnous pmjjianintes iri tioth the loimul and Llv non foimal educm" -ti ns The main mb of 
m liuii is teaching and guidance to then pupils, not only tluoiigh . ii no tnt.uiu turn and 
itut uils hi it ak>o thiuugh personal contact, and in many otliei ways 1U, re lore, nccessaiy tor 
tedilici to remain in touch with the latest developments in content, ukr nuoiml innovation';, 
lathing- learning methodologies, evaluation, examination relotm etc,, tin on h ditfeicnt contact 
mgtamiiies, relic,shot courses, and training and oiicntatnm com sea 

1 Present Status of Teachfis’ draining 

'lioie aie dilleicnt agencies Like States Councils ol Educational Rcseatch and Training, Ducc- 
oi itesol Education, Colleges ol Education, etc., in the Stales that look allot the tu-semcc training 
il it'.ache is depending on the natuic ol the piograminc and the convenience fit the Stale authoi me;. 
I’hcie aicabout 12(X) institutions m the count/y I or the training of clementmy school teachers and 
W) t olleges tut preparing secondaiy teachers A Luge number ol these institutions do not have a 
well -mjmpped science luboiauiry where piauu.nl experiments can lx pc riot rued It is wrongly 
iKMirned that the teachei-trainees have learnt enough content, both theory and practical, in Lhe 
'.ciencc, subjects in then Bachelor’s degree course, and so no lurthei di.scus-.ron of content ol 
perimmauee ol experiments is needed in the teacher naming colleges It is also presumed that 
leas iiei-lramees will lie able to der ldo which lednuqucs and uppioaelics ate to bi used in dillr icnt 
unit; and that they will he abb to apply conveniently the pi maple;; ol methodology while teaching 
without any lurthei academic inputs in terms of new ideas 

3E f’nliey keeonimendalions on Tau hei s’ Training 

Tin |i'flowing recommendations aie given m the NPE-ld86 in regard to leachu education 

1. Teachers should have the lieedom to innovate, to devise appiopnatc inciliods ol 
coniniumcaLon and activities relevant to the needs and capabilities and concerns of 
the community 
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2, Teacher education is a continuous process, and its pic-scrvicc and in-service com 
pom n(s am inseparable. As the first step, die syMern of teachei ulucalion will he 
overhandled 

3 The new piogrammes ot teacher education will emphasise c emtuuung education and 
the need lor tenrheu, to meet the thrusts envisaged in the policy 
4. DisLm hs Institutes o( Fiducauon and Training (DIFTs) wilt be established with the 
capability to oigamse pie- service and in suvicc courses for elementary school 
teachers and loi personnel working in non-lonnal and adult education As Lhe DIETS 
get established, sub ,standout institution:; will be phased out Selected secondaiy 
teachers’ training college': will be upgraded to complement the weak of the Slate 
councils of Educational Research and Training The National Council of Teat her 
Education will be provided with the necessary resources and capabilities to act icdd 
institutions ot tcachci education and provide guidance regarding curricula and 
methods 

The NPE-198G places complete tiusl in the teaching community It calls for a substantial 
impioveiniMU in the quality of tcachci education The policy ak,u emphasises the teachers’ 
accountability to the pupils, to their paients, tothecommunityand to then own profession Deeping 
in view the central place ot tcachei education in the total education system, the, NVE-1986 calls 
foi its overhaul as the first step toward:; educational reorganization The need rcu tcachci training 
arises horn several sources, such as the changing national goals, revision of school auricula, 
additional inputs in llu icacliing-leaining system, inadequate backgiound of teachers, etc Fur 
implementing the recommendations the following operational strategics ate envisaged in another 
document cmitied “Programme of Action”. 

1 ' The State Count dr, of Educational Pcseaich and Training (SCERTc) would have a 

majoi role m planning, spoil, soring, mi•mioitng and evaluating the in service educa 
tion programme foi all levels of leach ns, instructors and olhet educational prrson- 
ncl The Stale-leviT agencies would take into consideration all the needs of leachci s 
* Leloie preparing a piugmimne of lti-scivice education for a given peuod ot tunc 

2 The SCEKTs would prepaio .suitable materials fur the in- service education of 
teachers and key persons, keeping in view the needs of the teaclieis to handle the 
new curnculum effectively. 

7. In addition to the above efforts, die SCEKTs would also utilise the experiences 
especially tlio.se of voluntary organisations involved in doing similar work in 
designing courses, development of materials and strategies foi m- service education. 

4. All in-service education programmes cannot be organised in Lhe face-to-face 
modality, especially m view of the large number of teachers involved Distance 
in seivicc education will therefore be prepared and extended with the help of 
broadcasting agencies 

5 The new piogrammes ot teacher education will emphasize continuing education and 
the need for teachers to meet the thrusts envisaged in the NPE-1986 
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J .*1 Sul'.L’.i ..ns hi the stairs for lie 'i i ainmg nf Tcue/u-is 

111 VI, V, f,l ill,' Pi v i miiiid.t anil the mov nppiouch anti philosophy ol teaching science iri schools 
uplo I 'n j t 'a o 1 L(/iiipii! 1 .ni v veiniuluii 1 , ii is esscnli il to mien -dy ami iCi irganise belli pie-.eervicc 
a ml 1 . 1 , / > rii , u a. In', limning, pmgrniiunes m die lumcv/uik suggf sit d in i'(i'L ; 

(a.) Pic-M'i nu Ti .lining uf Teachers 

PoiIcv iomilI limning " pit utinralt Inr deineutiuy and si c.mdaty tcachem m all pails ol the. 
tonnliy Disnirt (n.'ditium ol I'/lucaUon and Tinman 1 . (DlETs) an. tving (_‘,Latiltsh**ri with the 
limmeial aid honi tin I'Vatutl Otwei ament 'I host institutes aic la.'rig piomdod the facilities In 
ragoni'i, pic-.suvice and in-scr'ici 1 wrung loi eluneufaiy school teachers The lraining lor 
seumdaiy M'ucdie/.s shi'ulii mininne io hi' looked allri by tcachci li'slilutiou.s aflibaied to tin 
LimverMlics. 

The > <■' 11 1 'M'lru; steps may be lahnio unpro'.T and .spengthui pie-service tram mg 

1 The existing syllabi ol the leai hri-traming institutions should be f vised in the hgtu 
fit the new tinriculum develop, d (ni science unclet the ten yean’ uunpubeuv 
schooling piugianinics 

2 The present sy stem of dealing with content and methodology a:; two distinct brm lies 
id lianmm should bo abolished Content ciini-molhodology and evaluation she d< 
he taught togetliei in the teacher training < ol leges. 

I Tin teachers should be limned to use all possible methodologies to ex pi mi th- 
science, concepts mcludcit in their conle.nl syllabi. 

4 Activity-bused methodologies should be practiced loi touching scientific concepts 

*> The ’ ‘ ’ ’ ’ should be such that they tould be piacticed tu the actual 

eluv sch>mis Tlie time available to the tnacheis duiurn IN 

actual tlassioom teaching must be kept in mind while suggesting and dr,rum' 
methodologies 

ft The pioweru system ol preparin'' lesson plans should be made flexible with m .pc 1 1 
to the leaching methodologies and at uvilies Such plans should include nicuiungiiii 
evaluation 

7 Competency in tin use ul science kas loi nulumnng different expenuicnu; should 
be made a [mine condition lor sliccc.ssIuI completion ol die naming 

li Adequate lending matenal on teaching ol science should be made available, 

T Them should be liaison between the teat her naming institutions, Boards ol Educa¬ 
tion, .SCERTs and other agencies working in the field of si hool education to bung 
about necessary changes in teacher training programmes as pea requirements 

U) Each teacher-training institution should have at least one teacher in each science 
discipline, 1 e physics, chenusuy and biology with I he quatihe anon ol MSc , M.Ed 

II There should be provision Ini a teacher edutaiui to go ns a teacher to teach in the 
actual clas.iniom lor 1-2 yeais aftei every 4-5 yems. 
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12 Thu methodologies cd untiling should he taught as a piauical :,uh|e< t 
n All the teacher mining collide;: .should have a well equipped .science labutntoiy 
vvliuc (iiaUical ( a peiiinents can he pcilomn.d 


(IS) In Set s U'« Yi amsi-g a I Teacher', 

At the national level, uiulci a> entr.illy sponsored i.dicmc of msavice hauling of ‘Thaul teachers, 
a huge munhci el teaeliei.s -uc being liami d They pueem; ihui mle With teg.ud lo Ihe spot hie 
'V lion lo be laken by them tor sue ccsslul unpli inenl.nion ol tin piogmrninf' ol educ atiou 

i At the state level the following model i," suggested lot the iri-;<ivice hauling ol 
teachers 


!ht-Se> vice Yi alnu.p 


flCb.RTs 

— 1‘iepuiaiiori ol training maicnttls 
— Oiientatioiiol key penon 1 , 

— Planning 
— Sponsoring 
— Momtoimg 
---Evaluating 


■ ; f »/)c7 /’/ 1 ,-nitty Sniye Srconilaty .'huge 

by by 

DIET;: with the help of - -letichcr-lrauung 

school complexes instiliitions 

— Comprehensive (cachet 
Utuning colleges 
—-Genius tor continuing 
education with the help of 
dishict level education 
otficcis 


2 The new curriculuni may be implemented in a phased mannei. For Classes VI, VII, 
!X and XJ, it may be implemented in hrstpha.se The implementation in Classes VIII, 
X and XII may be implemented in the second phase. Tins will require the training 
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fil a large number ol learhers related to the ica< lung ol them classes liaming of 
such a large number of teachs is by face to-lau’ contact may be clili'icult in view ol 
the short lime available with lire states 

ft m then-fore, suggested Mint coitosporidi,rK.o-< iiiu-cunlai t programmes could be 
nr gam,seel Suitable inatet tals may be pit pared by the f, CERTs and sent Lu the letu ht i 
m advanci ( he teachers may be ashed to go lluougli the liuteiul and prepare notes 
and idoutily rblliuilt portions. They should then be called lot a shott-loirn contact 
pioi'iumme where they shoiilt! lust be tesh d lor judging then tmdeistanding in Lite 
tiutenals sent. At nviLic:; euuld then be pethumed dining this contact programme, 
and portions which the teat heis U-lt to be diltieull could ht discussed with them The 
school complexes or Government Higher riecundaty Schools should b<* used by the 
fitalf; l> ii limning a huge number ol I f|>pei Prinuuy tern has in a slant petiod 
j 1'rogi linin' , l(ii djsiauee in-.seivice educanon r onld also ht prepared by Lfie SC'hkTs 
and dum e tended to the lcachets with the help ol Inoadcastirig agencies l 7 m this 
purpos ,u SCT;l!Ts would lx equipped will) necessary t cm, nice s lor theprodu. lion 
ol te i, ,imi', nialeiuil 

‘d'lAm ■ i . ini- viTh the Psychology ol' the Teudier;, 

s es'it'i.ni 1 i i, am,' 1 and unij; in the- hachers' naming piogiuiiuueS in time with the 
'tlioloy - l . i adxis Many ten Ins icel that u ar lung tluough activities p, nut condm i ve 
h'linurt;; 1 " h (hey lecd toil m a peurxl ol 35 I0 minute,’ dotation iticy can give mine 
v>ledyj 1 1 •'m Uion) bv tonveniiurml means as eumpaitd io that given through Lhe activate;, 
i, a i hu rur'/tntj out activine;; ;i student leams much more ami gets a chance to develop 
hnn ' ,l ‘ i , jit the requited abiliut.s and skills We should pass cm thts idea to the teat lit is in 
u ' 1 mum' pii.grammes in a way which will not hurt thur lulling", but will at Lhe same 
i“ , - ■ ihcn mLmrdeto ward;: irdGungth'nmi.'h activities Itiequuesiepealedi tUiil" Tobeem 
i i , .nay tu a bind; ot two period" tor nctn'ines once m 10 days in da school tiiiwtulib' 

11 t.i, tin students will get a chain o to pcibum T0-T’> activitu ,s m ;i yeai 

i 1 i’ i- ac net limning programmes, the teachew may be at least made couvi want with m exposed 
a‘l tla 10 winvines though u may in,' J.e possible ioi an individual teat fu i to urn / out all 
I Item 'I lx, etore did...lent groups ol tear two muv .an v out dilleirru ar tivipc; and tins may lx. 
Unwed ba a jouii discuwao’i la if' 1 . way all the tracheo, will ai h ast hr exposed to all the 

li'duer, 


drastic deviano,, hom the easting s/xicm tu the existing p, rhc-Rgy of die lenchei is not 
inirdratdy p-u s-bir -Ve cannot c.spe< > a teacher to deviate too much bom wli.it ho has been 
mit, to.-the tact ,5 o',’ears lie hash own ugrd ideas o! h «ir hue apaitaulat topic Thereaibci 
lue.ttor.x should 'utemptto b^mg nhooi a gradual i hemge in tin teacher;. For this they may identity 
■me rnnt waive teachers who keep on trying new ideas m the classroom anrl also keep themselves 
i to date in i onteni and methodology. The tcachei educators may laid out fiom these ninovaiivc 
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leadieis in cljyciissitm^ as to whttl they have been doing in the last ten veais to keep lIumiuicIvln 
Lipin the mm Sc Tins dismission may be me mded on an author asst. IL ami then plated be line oliu i 
UmlIiois so that they might know that it i; possible to du kllei m the existing system Likewise, 

[ me e.rn ict mil a topis being taught by an innovative 1 ten hei, and Liu* odiei teat liens may k exposed 
to this These am 1 ome ol the ways m whn.li one tan wort; in time with the psychology ol the 
tutlins , mil also in mg about in tin m piadual altitudinal thanges 

. ieieiu’e Content I'm l Ippci fTimiu y and Secondary,'stages 
ttequhw! i'm Teacher Training Piognmmuss 

(-1 (in basis ol tile syllabi suggested loi the Uppu Punutiy and the sccoiulaiy classes by the 
NCL 1:T a lew thilicnil concepts and a number ol activities have been idcntihed, which may be 
pei lo mk din mi,, the limning piugiammes to enable teat hcis to undertake tlu, classroom teat lung 
of thoum he k salislactoiily These concepts and activities'aie listed in Anneuues 3 1 and 3 2 

m ih> ' ib oi 11o. 1 h'lplu 

Duiiiii; tiaii'-v, 'k' 1 ’ T l| l emphasis should be laid on conveying the philosophy ol science 
Itmluug up *i'tit hi . malar y dasses, and examples Imm the syllabi should be used to develop 
dm 1 philosophy dm mg leaelim tunning The method ol drvi loping identilied I'Gmpetendos for 
ihl' a n| level'm mg the syllabi should he explained to tin (eat ticis, with examples Competencies 
"mud be lh h "s, mid the syllabi a means lowaids it 

o ,m ipl , ( .insider classification In the syllabus, llustoiitepl is given at anumhci ol places 
,ii h jv. la nidi, 'iimn nl mallei in elements, mixluit and compounds, das,ati( ation ol substances 
as." ds .mb 1 i , etc. The objtelive is to develop in students the ability ol dnvuliealionby using 
lit eke, d c i, "i of m.'ttei or acid; and base as the toutent malei lal The students should k- able 
lo (lassd; i, da > ts, matci ids cu even any data laced on some patanu ten; The: ami opt may 
be taught pi , m, i. iiviiics starling horn the i hivukation ol toneitlc ob|eU,s The studuiLs arc 
asked to cla,, d' ,'m m on the basis ol some observable piopeity such as colour, mji shape, state, 
mr, Hum ihev, ohjejs may be da,milled on the basis ol stunt abstract prn[/ci tier,, him. activities 
am a means ol devchfnng many oLhei abilities whit h aie not directly mentioned in icdhool 1 
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',ui'i»t 1 / I'lt'vrtiiiirrw h h ‘little foi /5-diiyi In m/vne 
Ir’.inint; /Vm/iifi'iin t'f i/)'P<r /Vi/»i<i/y Siumu ‘lnuhi'ii 


J i I m,i 'k "iiiji 

1,1 Hill JlOhnpi'llhi [II<I”I" lullin' 

'ml I r ,fn i-mitied i luno m.tiiiLii'm 

11 J I't, ■ the uiwjnintn nt ai tin ton limy 

iiitni - 'U iht Iippu I’liniuiv Lvi l 

-Uli I’r i In ,'l ictivi'af “ii Mitiobinl anil on-lir 'Uving 

V/iirlJ' 

•lh Po ]ijrAiii»i nl vim*. nii|iio''i‘i i| i. ,i. hiiifi -"iK .nicl 
tin u [H Si main n m the, fironp 

(nli n-nJ, Uir,,ioi d It Hi vis '.v.'iliianor u i omin h.p'i 
lIu- irl’h-i'iXn 

'ih I'rt ( 'ii rati nil til cvali) mon items on i)Wi dona so fi.i 

flnil n‘ujp ilium’nm rm ibi 'oilt’in', 

I,lli Pia* nuil tUrntii" m ‘f'uod, IL dihitul iMsua'i;.' 

oil, I’munni'i ,i irnpli of "~ii mv hi'tci wod sshednls, 

loi Olio '''si'iliin 

litlli >'i 'Uii'di arti /itn,, on il 1 nu mK'li'n 1 

lllti I’mcUul ictivui I •• iru -ty' 

Idlh Preparing sorm, m tl'v ml me* I t* t fmwil.nfs 

[3th Ik'iUlSoioi' iin the Panning ■strutj,*v of “ unit 
‘Ko'ks, iVlinci.ds iml Mu iK 

l Uh Putin al i>aivun,i on 'i'onuivatioi' ol NJiLurnl 
Ri souruV 

1 *'lh Pr.iaK.il ucnviw,i on ‘Minrrih .mil Aor' 


A jlr'rnii'in ‘ >l sin;i 

Hn.i|i|i|i|ii' nl ' iuul is a toiupulsoiy MibjivI lui 
Ilia lirsi tin yt.us "I t di-'uill'ili (is ”t‘ liahst 4 in 

Nl'It iw, 

Pr.nliuil .nliVLut ' (Hi llic ‘Ttu,i|", Amirul U,' anil 
'HIf|i,ii it11of Suhsi nu 1 s’ 

Pinaim) ittlivitiL 1 oil 'Ms lsnrtmuil' 

IcijitoVL, ed ti i< In up, Aid' andlh'ii l'li v.mif In the 
1,'l-pu f'tun.iiv sot mi* svIltabu, 

/v,.i.nits' on 'vV.iipi' 

IVii find ,(di .'ilins mi "I ht I "H‘ i rso’ and 'He u ‘ 

Piauival rii nvities on 'Motion, ('mu and Mathint’ 

Disrussom on minimum iaksiaroiy ri (inirumtints 
lorlln- llppoi Primary static 

Pin, in il ai nvn j on 'I lit Processes' 

Prep mug iml di.ru,sing t valuation tteim on unii.< 

doin' in ihf last tt/l d f'i 

Drum.‘ami on trainin'; training strati'? til m tin 
Up hi "I tin NFIl-iyiin 

Prjctiijl aUnilio on '(Jn runs luun of dit Living 
Uudy 1 

Practical iioUviin s/pnp_i ] ,l rtf il suoitu, on tlu 
unit 'Ili/iki, Mutual', ami Mails' 

Ddtiruluos visual i7cd in mi pit mulling (hr, Uppei 
Piuiuiy syllabus and their possible soluiiuns 

Preparing evaluation items on mui r , of Iht Just 1 i 
days, and opinion of the pimupanls rtgaidmg im- 
provi mails in due tulure programmes 
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'•u^'ijl'UrrU'tnijtumr/u r n ht’tliib /or h itiiv 1 I M.'iWu' 
1 Mining Pu'\tumt'ii /is SVt mu 1 tr\ ,\i't 'it r inti !'• n 


IM/ (■'(iiciii hi '!( ,inri 

Ut InliUiliKlion ol Lin pnij'i uwiii 

2 in I I a iiiin'i-u’iiln cl s. n m i "ilm .HH'ii 

till rilllllLll.il I* I'll i IIllIIvI i VllllillliJll III |i |i III i ,1 II. 1 

llll I J'i'-l'jl'/j 

Jill l’l.n lii.il wiulv ill it u iii ' i 11 ilic Si l miWi r.i i ( 'f 

Mil I’ ’Mmiii'iiiM cl 1(11/1111' mi \\,i snllit'ini'' 

Sili Ippailii'j nun uririnj’' i i ' 1 I' ,ic hi rip in 1 Ip pir 

tuip.mls .mil tliui tiU .Lin i|iuii ir ilr pinup 


/ih 

'l\ r 1 till ill i iMllIKt ', 1 - l( 
ill" US ,1 ,li 

Hill lull" ,i ll Ii 

^riHK. 

Kill 
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Strategies 


Science was mlmdueed as a compulsory sub|m lur she lust ten yeans of school education as a 
part of general education lolfowmg (lie recommendation ol die Education Commission— 1964-66 
(the Kothaii Commission) But this could not be implemented in the light spirit due to scvetal 
icasnns Mow, the new I'hanges in (he science cunitulum and the new demands ol the society 
necessitate the use o1 new and incue appropriate teaching learning sliatcgies Science education 
ol iltepicKuil time must meet the challenge ol impioving the scientific litciacy of the society The 
pioscnl-day science teaching is not nieiely telling The new science ctimeulum emphasizes the 
learning of scicnlilic pnticiplcs and laws, conclating lads with principles ana laws arid lallei 
applying pi maples to new situations This iec| 1111 es tlu; use <>| modem teachmg-leairung strategies 
in leaching science 

4.11'olicy l’ecoinmeiiclalkms 

Tin t ol lowing lecoinmcndaiion:, have been given in the NI’E-1986 icgaiduig leaclung-lcatmng 
sluil.gies 1 2 

1 A ehild-eerilcied and activity based appioach to learning should be ado[itcd Fust- 
generation leameis should be allowed tn sei then own pace and be given supplemcn- 
Uiy lemudial insduction 

2 Children with special talent or apliiude should he piovided opportunities to proceed 
at a faslei pace, by making good quality education available to them, irrespective of 
ilii'ii capacity to pay Joi it 

4,2 'Feat lung-Leui ning Sli alegies I/or An I/fleelive Teaching of Science 

Tlie, now science ciimuiluni has hem designed in consoniuu e with the levels of menial develop¬ 
ment ol Ihc child, in which lupus are picnenied hiciarclucally on the basis ol complexity lioni 
conuelc to absltac t. Methods must run parallel to the ddleteni stages ol merit J ilevclopincnl of 
the r hild Therrarisar Lion ol lbccmnr,iilum must involve the active participation ol students in die 
a aching-learning ptocess A rnoie individualived lonu ol uisUuclioii is needed lo optimise the 
cjJuc atom of each student, Stmtegies nccessaiy toi developing the scientific temper and the 
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sctenlilic attitude, such as open-mindedness, intellectual honesty; Lho courage to question, respite t 
toi human dignity; the spirit of lnquuy; the ability to design experiments, acquiting c eitain basic 
skills, developing uitcicst, curiosity and the desire to know and uudei stand, the mge to seaicti lot 
data, the willingness to vetily, Lhe habit ol keen ohsetvation, strengthening one’s own decision 
making power, etc , tire to be evolved and implemented 

In Ihn tonic.U it is st'ongly loll that the following strategies may lie adopted, depending on the 
nnUuc ol the content, the avail tbihly of resources (both material and human), the time available 
at the disposal ol the teacher, (lie availability ot instmctional materials, (he teachers’ guide, etc, 

4.2.1 Stratcgies for Laboralmy-Oiieuted lust motion mCoveiiug 
Some of the Topics from the Syllabus 

Labotatoiy-Oricnled instruction may be a sLrucluted one wliete specific ideas are given to students 
to venly eeilam iachi, laws ot piinciples This structured laboiatoiy oitented instruction may be 
in the lorm ol practical wotk of the verification type, oi It may he guided discover y appioac It The 
[impose ol such laboiatoiy woik would be, to develop process skills in the students These process 
skills include observation, classification, measuring, predicting, mlorring, etc, 

The unsUuctuied, lahoratoiy oriented instruction will include open-ended activities oi activities 
of an exploratory nutiue where the students will be given the hcedom to cxplote ideas They will 
be able to give operational rleliniiion ol ptoblems, formulate hypothesis, deduce consequences, 
contiol variables, design and conduct cxpciiments, collect data, oigam/c, analyse and interpiet 
data and to aruve aL a dependable solution to die pioblem, to veiily a hypothesis and diaw 
conclusions 

Since it js not always possible to make learning activity-oriented, the Icchne method for impairing 
instruction has to be used with the caution that sullicient pupil participation be, taken into 
consideration, 

4.2.2 Lecture Method 

(t) Lcctuie with question-answer. 

(it) Lecture with demonstration 

(in) Lecluie using audio-visual aids (either picpaied ot collected) like tilmstrips, slides, 
overhead projectoi, liansparencies, charts, models (static or working), specimens, 
flannelographs, epidiascope, video tapes, tape tecotder, TV ot lacho, motion films, 
or other exhibits 

(iv) Lcctuie followed by individual or group activities (the classroom being converted 
into a Laboratory) 

(v) Lecture followed by gioup discussion. This group discussion may be lnitialed/or 
ganr/eri by the teacher Ind it should be properly planned so as to encourage 
participation ol all the pupils 
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!• 2 ' imliiilwl lA'iirnin*; 

Tin b,bowing :ilii7iLh s are involved in pupil unbilled learning’ 

• i. f ruginmnii'd Icjuiiu'jl'. lluungli piogminmi'd text 
' i'i • i ii'ipuli'i-nsM'di'd li Jitung, usmg pingiummod sollwate 
( It 1 1 tig; games and mi inlaticai 

(d) Independent study of k lei -iiL-ii boot s, scier'LC magazines and oilier htc ratal r, under 
tin- guidance cl Hie irncliers 
id) l.iiu";’ .isMi'iiriKH ; 'ii horne/lihuiy 

U>) i iiiul' 11 sell ;nilly Ini r-in ,ici y leniuing, [iislaKtiori may thus be individualized 
bpeunl ptugiaumie mu Ii lo 1 u.iimdial 'diis'ies may be Oigaiu/.ed fni the we ala i 
thddicn Special iriaienal bexw 1 on ihe application of knowledip acquired may he 
j/iovided lo die hist learners 

r liouii ic.ii tang leehniquos, bimnnloiming qui'/es impaled by the leaehei dubaiM, and panel 
di ii uvnoir, Mimihk 1 Lo a paiHudiu content ana can also tv adopted 

4.2 4 Ten dung timing)! out of school It m mug i«< tic oie'i 

(I) Field irip./o’ [il-»mg th <* 1 n-iionimnt 
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(4) Application of mulli media inr.lructiunal nnlcuuls, low-cunt teaching aids, and other 
audio-visual aids to ho oheoumged. 

(5) Proper diagnostic tests foi studrmi:, and remedial measures for weaker ones may be 
made. 

((->) Several leaching skills may be developed through niteroleaching for the improve 
menl of teaching competency, taking necessary help from tunning colleges, 

(7) Mass media anti out-of-school activitu’s may he strengthened. 

4.3 Suggestions for Implementation of Appropriate 
Teaching-Learning Strategies 

The stress at the Upper l'rimury level should be on observations and simple correlations. This is 
due to the fact that children are jn the process at transition Irani the concrete to the formal level 
of mental development, The activities should include- making .simple exhibits or models giving 
them an opportunity for clcvclopmcnt’of psydiomotoi skills, classification of different objects with 
similar characteristics etc, 

At the secondary level, emphasis should be on quantification ol observed tacts, such as measure¬ 
ment, use of measuring devices and deducting the related quantifies. Picscnialioit of scientific data 
in tabular form, in graphics or bar diagram, may also be included, 

The emphasis at this stage should also be on interpolation of given data through its analysis and 
extrapolation of a given observation in different conditions. Abstraction may include thought 
experiments giving opportunity for developing an analytical bent of mind, 

It is necessary to realize dial content and methodology cannot be separated from each other, "flic 
teachers’ guide should stress this aspect and give some representative examples. 

A list of voluntary agencte^organlzalions along with the grdis in which they specialize should be 
published for Jhe benefit of the State functionaries, 3folumtary agencies such as Kigime BStarati, 
Vikram A. Sarabhai Community Science Centre, etc., Involved in various aspwti of science 
education may prove to be- of immense help. 

These may also function as resouicc-cum-fadlity centres. They should 1 unction as resource centres 
for any academic activity such as obtaining scientific information or technical knowhow. It is 
thetefore, necessary to equip these voluntary agencies with a good library, workshop and other 
facilities such as laboratories. Refresher programmes for teachers could also be held here. Teachers 
would be able to prepare modcls/cxhibits or other teaching aids in these centres. The District 
Science Centres, therefore, must be equipped with qualified personnel. The access to the centre 
should be free and easy for students, teachers and members ol the community. The District Science 
Centres should also organize training programmes for science teachers and formulate programmes 
to cater to the needs of brightei and weaker children. 
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Instead of laying more sucss on content informal ion, emphasis should be given to (he learning of 
concepts. CiLcula. materials must reflect teaching/leaming situations from tot rural and urban 
areas, While teaching science, emphases should be, lard on linking science with the constitutional 
commitments and different areas ol national development like agriculture, communication, 

transport, textile, chemicals, etc 

llirough (iifl'erent mass mc<i,a, fxhibibons mi M* «** ar “ «*» «"» 

environment, social tom,, wild life management should bo li.gl.bghlccl to avoid envnonmcnl 

crisis. 

Activities and experimentation should lorin the mam part of presentation m teaching science up 
to die Secondarydcvcl as far as possible 
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ANNEXUKE-4 t 

Suggested leat hmg-Ltat ning Strategies 
fat a Few Com epts 

unit — Ma iter. Nature and behaviour 

7 earlier-initiatedgroup dm muon about substance;, which differ m dien appearances, colour, etc 
Le i hire with models showing structure of un atom 
Lecture with charts, diagrams or other possible aids 

Demonstration with probing questions, and testing of the solubility of ionic and covalent compounds in water 
Group experiments 

laboratory-oriented experiments to study the inaction of metals with dilute acids 
Di vrmuon on reactions 

Individual pat t inflation of pupils in balancing chemical equations 

P up 1 1-initiated discussions enabling the class to appreciate die importance of chemic.il reactions m nature, in transfer 
of energy and in the functioning of human body 

l^iboratory-or^ented simple experiments improve dial chemical changes art of ihfferenl types 
Demonstration of Volu's experiments 

Construction ot an cleciro-Lhenucai cell widi ready made pails or improvised pails 
Dim ass ion with charts 

Demonstration of electrolysis (even widt improvised apparatus), discua^on with charts 
Diu us*ion on importance ol classification of elements 1 " 1 

Lecture with charts lo show comparative sues ol atoms in a period and m a group (halogens and alkali metals) 
Consolidating the concepts with projected aids like film strips or transparencies' 

Conducting quizzes, 

Suggesting (arry-horne activities to sLudy the action of lime juice, vinegar, etc on cooking, washing soda, etc 
lo prepare improvised vuluuucU rs at home 
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Amienirc 4.2 

UNIT - MotfON, 1'CmO!and I'tri'KOV 

» Divrmsiun on motion, with pupils participHtion with then daily life eminences, 

. Liu,lure demonstrations with aids .showing motion ol the earth with reference to the Sun. 

» Individual partit i[Milan in computation of speed in familiar situations to Itring out relationships hot ween distance 
and lime. 

« Simple demonstrations 
. Numerical problem sol vinn 

. Pin,union with graph and chart ns aids to show volume temperature relationship. 

. Discussion, arid deducing the three equations of mutton 
» Discussion —pupil initialed — onineitia. 

» Demonstration to show resultant fence ol several forces acting on a body 

• Lecture with graph as an aid, 

» Lecture with probing questions deducting the relation between force, mass and acceleration 

• Demonstration with spring balance. 

« Demonstration with magnets. 

« Individuals — numerical problem-solving consolidating the three luws with projected aids like f rlmithpi or 
transparencies. 

» Demonstration oj work done due to potenltal encigy and kinetic energy 
. Pupil-initialedducwtsion to list out day to-day examples 

• Dernonslr itmn of wave motion 

. Demon 1 ,trillion of reflection arid refraction 

■ Demonstration of image formation 
> Lecture with models. 

■ Demonstration of Newton's due, 

■ Using the colour perception test (charts) 

■ Lecture with telescope, microscope!., pin-hole, camera, etc (Also improvised or low cost equipment cart be used), 

. Field trip to an observatory — nuclein luel complex, visit to u thermal power station. 

• Curry hotru ath vines like observing ami studying wave motion, patterns in water, preparing pin hole, camera, trying 
to improvise telescope, peris'ope, me 

» Ar/arifum; b r lures tuilt spec lalisls related to energy sources and the community, thus bringing the community 

nr irer 
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« Gama) regaitlkg the ctmermtUMci of weigy —through Mate and ladder puna. 

UNIT—WK® AND HEALTH 


Ltct <« wUkQtmfmiomf Arnmr 

Du rung pseMation, the terirr may tube q&mpam questions about the diffenast ktrils ut food ami fc imponwsoe of 
fowl. Pm etumpk, why staukl food S* pnwsmd carefully? Whirl we the harmful dffietu of using state awl spotted food? 
QneitUwi rai the hamtful effect* of tetaraj, alcohol mid imp may te anted 

Ltchurt with Demonstration 

The following demouintiora may be shown in the ekss: 

(i) Presence of fals, prstaMi enijutahydnUs* in food 

(ii) Sample* of different soil* 

(iu) Testing soil for salinity and alkalinity 

(iv) Denuustratum of spoiled bread and other foot! items due to fungal «u*ct 
LrtituH' Followti tty Activities 

(i) The activities could be demonstrated after the lecture. Carry-home activities may hr. assigned. 

(u) C'ullt'dlun of inhumation regarding different kinds of foods. 

(iii) I i st of itic vegetables used daily and types of vitamins they provide. 

(iv) I.hi the food items consumed in a day that provide ihe minerals required in a normal diet 

(v) Making new >p ipci uiltings that show deficiency durnei 

(vt) ViiUfoanoutiyvtiirmmry I'cnue, dairy farm and poultry farm to study the different typo of management 
(vii) Making h list of how food can he preserved. 

Lecture Followed by Discussion 

I 

After the lecture, the following points may be discussed in the das*: 

(i) Nutritive value of carbohydrates, fats and proteins. 

(it) Protein requirement under different body conditions, 

.(iii) Calcium, iron and iodine requirements of normal diet. 

(iv) Dietary requirements for the individual pupil. 

(v) Deficiency diseases (filing photographs drawing, chnas, etc.). 

(vi) barton responsible for deficiency of nutrients 

(vii) Consequences of excess fat consumption on the human system. 

(viii) Wastage of food during stoage aid distribution, 

(si) Major and minor irrigation projects. 

(s) Common plant dteuiei, their oonirol and prevention. 

(si) Different methods of improving crop yield. 

(ail) Dfaeaws affecting crop yield. 

(stiff} Harmful effects of eating spoiled food. 

(mIv) Kidney «rui esrtllae failure using paper cuttings 
(*v) Water taws diseaaei. 

(m) Harmful tffisas of tobacco, drags etc. 

(xvu)Educstiiig the community ou hygienic habits. 
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Li'c lure inlh Cutletim and I'n'/'iiritiim uj di idio visual AuLt 



flri'iip Diu u),im 

fn Colkimn ol pu tihc-i, photo^raplm and newspaper uniing 1 : o[ owimon goods 1 , dtsea'u, instili/en, 
IttlJMlKUt pilf IS IlVliltWli, ill. 

(ill < Vili umg mfniuuii 1 in cm the al\"'t by talking 10 loiucin- 4 propb , ot observation or by reading boi 

fiu) C.myingi)Uic,iiry-tiUiit u I ivilns 

fiv) cIkhIs uti ih v.irnnis ai,jn els nf tht unit 

(v) Visiting hnspiul',diuy I.inns, poulti/Unn,, hr#., tit 

(vi) [vHim;useohius 1 iii"lhlil> TVandradiolm kiurvledgr,andnadir Handing>« ilvunit 
(iniup I'jtbnx hthfUi/uei 

(i) Dim ussioii 'uilKitino Uic unit l-y ^Din‘, hi on stunning quostioin lolluwii'g liv disuis umi 

fii) Quiz ('t)tuptuiii'ii' rniivb ninduiN a, <|ui/programmes nrigmerul knm'lidgt t|(ir<,ci.jfi'.nr< th« unit 

(m) Di )j'k i in i/U (niidiiiiud 

(i// t'.'ii! 1 iJr,t,u', i h>n mi 1 'k l ondiicU'd 

l tmi alwy-Dr'iiih'd InAiut iwn 

flu. ili’iii' ion nioii 1 ,pf'*(i»nneil b/ iho u achei mu 1 / k taken up in uidiwk"! laiAMuton' vml 

(tiWh' t’nd StMtlotiu’i 

Makinn i a of c iidi i > ,hov ihi unj oihuu’ >4 difh real < l.n ol in*id 'aid puu/mi; imiiv 3 wnh dm t card An ewrnplu 
i viVmklnw 


I 1 oa 

f iirbdjt 1 ' ilc 


Pr<mtb‘Enertf / Sim limit Ih'iLt Body 

Prei^nti lyitre e'i 
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ik National T'/ky or' hlurjtion — i c *86 lias l<iid,co!isiduable emphasis on duld-i uiteud 
education ami inuiloiitmu of ill-* •;< nuililic tunnel m pnod; ai all stages ut s'hunl mlti< anon 
Clulil-cuitcir d mliKaiU'i' in 'elves Uu.* patliupaiion ol lea tius ai ih‘ teaehirig/teanuni' process 
ri’ipn inu'iuai v/uik m sciem ■ helps to incuk alt the sc it»nI>lio i- nx[K i and tto r hws iht Itsum if, in 
Hie tern Imiji- " mining pun > ss ft pro'^aoi ;ut nppoiliiiulv 10 Medians to hand) dilleiont items of 
'uenlilic up fit, app.irMus and other nuiuiaki ol i, c '(In sluduit, paifninali in ihe 
at iu il wjiic in 1 develop mi appreciation lot (In in< tUod ami spirit ol sciem < Thu, pcoviclc s Lliciri 
a gositei uiidei dmidijig ol am tiullc eoiucpi" hdpenmuit, by pupils inside ,/i outside the 
Inbopifui ) time them in si band eu'iecenv: v/Iul h is essential ior a pfopu iiudetM,smiling ol Ihe 
pmeesses ol sehmn i ;\ modem school science; programme cvnutri (v i ntifoivod without pinch' al 
espeinnealdiof. by [lie pupils The anon of inioipotalint; piu> fic.il wmk in science teaching are 
a, 1’eiiuvs 

1, ,ousca arid mamuuns die ininest ol students in learning science 

a d help:, in ihe nadcistaxiding of phenomena which become mote concrete lluon , 
eipeiicnun 

(l trims fAipibrn .scientific uu;tlioJh--iun coidingai curate obsetvatums, collecting 
ol data oi evidence, analysing clap, making a hypothesis and testing il, selecting 
useful find consistent (valence and drawing Conclusions, 
h it helps in 1 developing specific manipulate skills in handling apparatus arid othei 
'ueutihe material:’,. 

5 It provides an environment to pupils loi exhibiting initiative, resourcefulness and 
cooperation 

6 It helps develop qualities such as discipline, the team spud, and uiderliness 
7, It inculcates some creative abilities in the children 

8 It piovides nppor I unities to design experiments anti improve them 
c ), It' 1 I '■ a critical attitude 

10 It ' self-reliance; m students, 

IL. It nrd'vides exponent e in standard techniques anti helps m consolidation of 
knowledge 
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The following skills may be dc'/clojn' 1 1 m pupils through practical woik m .science: 

i, The habit of keen olmvuimn 
1, 'I'iie handliug/mauipulation ol appai/UUfi 

I, The set lint; i > ot experiments 

» The classi Iical um ;md tabulation of cl aia 

The ability to use and interpret graph.; and chans 
, 0 The skills involving all Lypes of measurements 
/, The ability to design experiments/models 
The ability to interpret experimental data 
w The ability to improvise simple experiment" 

10, The coUection/presemtian skills 

II. The drawing skills, 

5.1 Present Status of Experimental Work 

Science teaching is theory-oriented in most of the schools in our country, tTactical wotk is not 
given its due importance in developing concepts and manipulative skills. This is due to the 
non-availability of facilities in the schools fordoing practical work. In some ol" the Slates, however 
experimental work is prescribed as a part of the syllabus by the examining boards but its results 
are not indicated in die certificate. Other constraints in conducting practical work is that teachers 
arc not given any preparation time for doing practical*. Teachers, being held responsible for any 
breakage of apparatus or equipment, do nek dare to utilize them even if these (apparatus and 
equipment) are available in the schools. Besides this, teachers need to be adequately trained in 
implementing the practical-oriented curriculum. Adequate grants are also not available with 
sc hools for the purchase of materials and equipments required for practical work. The pupil-teacher 
ratio is so high that sometimes it is not feasible for the teachers to organize any experimental 
activity and involve students in individual practical work. Possibly, enough guidance is also not 
available to the teachers to supplement the practical work. 

5.2 Facilities for Experimental Work 
Laboratory Facilities 

In the context of science teaching up to the Secondary level, at least a multipuipose science room 
should be provided to all schools. The science rooms should be equipped in such a way that all 
types of activities connected with learning science (such as theory class, demonstration and 
laboratory work) may be organized in this, 1 he specifications of a science room are as follow:, 
The schools may start the science room evt n i! ail its facilities are not available. The other facilities 
may be gathered gradually. 
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S/Hrijicathm /'f .science mom 

l A vn'occ room shouldpossess adequate space tsay 18 a 10 sq. metre) For 50 students 

in \\ink smoothly, 

1 ,\ blackboard, a bulletin board, a demonstration table, a few wnting-cum-wotking 

inliUs, sufficient stools, charts, etc,, may be provided in the science room. The 
di'un mstradon table should be well equipped with water laps, sink, power points, 
gas taps (where there is facility to facilitate easy demonstration). The working tables 
should tie movable and should be so designed that they can be used both for doing 
expenmcnts/activities as well as For students desk worSc. 

I, Them should be a provision for handling charts and diagrams and for placing 
projection equipments like overhead projector, film strip projector, etc. 

■I ViTiimiemcnts may be made for hanging black curtains to darken the science room 
or a (i,u t of it whenever necessary. 

a l'lieu' should be two doors in die room to facilitate easy exit. 

o Thi' room should get adequate natural light. There should be proper ventilation in 
ilic room. 

7 Thu fixed side table near the window should have storage cupboards where ap¬ 
paratus, equipment and chemicals may be stored. Costly chemicals and apparatus, 
however, may be stored in the storeroom. 

8 (f possible, there should be provision for mi aquarium, a leiramim, a science library 
and mrangements for growing plants and rearing animals in ilir school. 

( h/u7 u/i'i'.s to science laboratory 

As slated .'a i a Luge majorily of schools in India do not have science Inhouioi ies. The .State 
auihot iin s iu 11 ' ■ msider the following as alternatives to science Issfeoratoucw. 

1. Mobile science laboratory wi'th at least the minimum facilities like science kit", 
equipments, etc, The mobile science laboratory van may visit the schools ot each 
area twice a week. 

2. The environment can be used as a laboratory outside the school in teaching some ol 
the relevant topics from the syllabus. 

3. Community Science Centres, Science Clubs, District Sfeience Centres, etc can serve 
the purpose to some extent. 

4. Modern educational technology/mass media may be utilized for die purpose of 
showing demonstration experiments and activities in addition to other alternatives, 

5. The classroom may be temporarily used as a place for carrying out the practical!! 
whenever it is required. 

6. The school may borrow scientific equipment or apparatus from the neighbouring 
schools, colleges or training colleges and return them after their use, Some of these 
institutions may even allow the school students to work in the laboratories. 
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7 Science kits supplied by the NCRK I, Ihc SCERT, the SiSE, of a Volunlaty Agency 
Serve tlw purpose up to the Up|iet 1’nmaiy stage 

.Science kit;, vvliidi serve as mini laboratories nuv he designed by the States also as 
pei then sc icnre cumculurri tui the Pmntuy and Upper 1‘iuuaty levels Sin h hits 
,hould rnelude apparatus, genual laboratoiy ei|uipnients, impiovisetl apparatus, 
containers, chemicals, etc Ttu.se l it:, will enable the lent ho- sin peilonn uomrmsim- 
tmns and experiment? in the ckws For impaitirig marupulalwe skills, such kds may 
dso In provided to sen nee inoti". 

Imph'iviMitiO'i of b'wctumnt!'and Ai'iiaritUiL 

Any sophism,‘ited liiatcineiii not a /ad,b!< in the school may In* impin', i .'el hum the lo< ally 
available material and spp tiauis Kxpemi’i ails may lx < onrinck d with Him improvised eriuipuimil 
Th , i; hou'evei, [lO-'M'iie, y/lam pa imp, Mini ni dot,a unlm/jimo t■ < much ni pna ' non or 'I is nl 
qmlikiovc fiamm, lhough imptovmalniu, 'h. muiIuiis willd> vdopi mimr: mampulnio'e shlb 1 js 
,m!l mipi avi.Srinofi would help m dm." kipm.'c nehivf ahihn.is’m chihfrt u T !ie mipm.u<;, iiimi may 
i" iiiin. in die D'eoesn r>I h-pel mi< n! ulso To, o, ample, m t ondnciiiiy a momitisiion of dn.- tod 1 
la; evpiitiru. ni in show nat"ipualani, m Hi*.* ahsrme of a nub ; u, a tcai tie. tuny simp 1 use a tip; 
,‘hci'■ uimidi 1 n piastre l.cjili *, -x tin■ rum. m.pennieu’ may be .amply non. by Lightly < ovi nog a 
lev, 1 I eve of a plan 1 ,/“li a :< "a pmem polythene hag Similarly, tin t nudiirting an >. ,pci imei, 1 
m (lie one, ot It in 1 on pon o i.ij.ii d u< tmuy ioi biightm i hildmn) using C.mongT PoinmUet, 
'imimurutd appamm ,» “r/ i ,■ - 1 d s'-pbistumd nppanun'i is uoi.tvailahL This untmovistiiuin 
nqum only a *vt<It in’o >t gi i.nitlc, a wooden Seale f small sue), a double bent glass 
taln;/iMii ipniern plasm •• ' el wnt, i.a, holes, a small rjliru eo- rnuua •mdahtil' ml ink 

lopljeinisuy,a vide mo, l |h," : 5 nidi much no d in plum. ol '4'olF- bottle ten lb' prcp.wuiio/' 
o! gas Mastic mbe.s car he, a , d m pt.iee ofgl.iSs tube;; Bottles and gkr-.s’e;, could a place beal.er , 
and i lasts, 

Cany Home Scwnix Activuic.i 

As an extension ot clas.vroom auu ity to daily hie and in orglu to make teaming mine meaning;!ul, 
a mimbei ot cart v- home activities are sugge sicd Imrn selected science topics. 'Ihose atliviiies 
may prove to be an alternative for the laboratoiy work The State functionaries may develop a 
number of such activities with the help of teachers and experts and pass them to the concern! d 
teachcis 

List of carry-home saencc activities 

Following carry-home :u Uv dire, may be at,signed to students' 

I. Prepare of a list ol examples on Fray science if used m everyday Jrte, 
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2. Collect and classify the tilings mound you on (he basis of any ot then common 
<■ haracten,sties 

3 Simple experiments for sc paiatton ul the niixlutcs - 

(aj sand and Horn 
(b) nee and stones 
(e) water and kerosene 
(d) IiliLIu I rout curd 

4 Make nu asuiomeiits (like length, volume, area, mass, etc ) ol solids and licuuds. 

3 hist some ol the changes taking place aiound you - physical/chemital changes 

ft List the dillcieul vehich s whic h you see t,u yimi way home, and n>atc then tcLuiv*> 
speeds. 

/ '■live examples ol how your Lundy members use lou u or eneigy In cha work <; , 

making chapuli, washing r.lothes, etc 

M Locale, observe and iiote down ciamplcs ol the principle; of the u-vi us< d in dadv 
life 

ft (dote 'town how simple machines ld,e pulleys tr '(’.gear and sluhir’!> mid we used 
in you; suiioundings 

In Collect specimen" of i'Lints fhowe,.; leaves) ami pic wave them 
11 S'mdy the vmintis utnm ds licit you see mound yrau hens • ami f"U du ir In dm;-, 
hubris 

i ' I’laid mine seed ; and abaci v« dn. pioct s;: (ft i,i imm it ion 

' a Lludy the other tnodilir iimu" oi toots’ and skins Lorn eonru, rd the v- ge,lablt s ussa 
il home 

I t linnly a stem .nudiliraLon.'”. puimsunt to stuiw how plants lepoUfively icptotitn c 
I ft Try out ex per nnerils to study how water can c hange it: form due *u he at hut ac fringe 
ul xnate of wafer) 

l ft In u nearby pond <n held, obseive the interdependent* ol plants and animals 

17 List .some of the t oinmori i onatcllauoi, at drllercru urne 1 'ol tin month 

18 'Test the piopciUe.s\jf acid." and alkalis at home, using curd, washing Soda, baking 
soda, lemon juice, vinegar, etc. 

19 filudy the formation ol shadows, using a candle or a bulb. 

2l) List things at home which are good or bad conductors ol heat 
21. Perform simple experiments on rellcction using your minor at home 
22 List the various kinds ol food you have ealeu m any one week 
'LL Make a list of sonic of the common diseases you have seen people sulleung hum m 
yoiu locality for the last one year Wntc down the courses, and the mmisuics to 
pievenl :,urh diseases 

?A f’i '!!< u: ofne picture:; on pollution, calamines, diseases, animals, plants, people, etc. 
ft i. vVheu you visit a poultry hum. a park, a garden, a dany, a farm, a held, a lake, etc , 
note down the' inimala/plaiit.s parlicul.udy Imind thcie 
26 Colh u materials fm the school hulleUii-hoaid 
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27. Make models of the kidney, beau etc., using soap, wheat dough, plasticine. 

28. Give a list of some of the foods which arc adulterated, and describe how they are 
adulterated 

29. List some of the sources ol energy used at home. 

30. From the materials available at home, suggest some alternatives for: (1) pulleys, 
(2) balance pans, (3) mcasuting cylinders, (4) glass rods, (S) scales, (6) spirit lamp, 
(7) Newtons colour disc, (8) windmill 

'11, Devise working models to demonstrate scientific principles and processes. 

The Rob 1 of States 

Foi proper implement it ton of the new child-centered and activity-based science curriculum, at 

least the minimum rujuirotl laboratory facilities should be provided to each school by the state 

(uiii’iicmai ics. The States should ensure that tire science teachers get adequate training in laboratory 

u eimiqncs/usf* of audio-visual aids. Provision of laboiatory attendants/assistants (at least one for 

all iteietn i’ ('Ik ,< >: m the school) may be made and their training be arranged. • 

^ , 

In tiic I'vjsiii : miu ition there is no provision for a separate laboratory assistant at the Secondaty 
level to loot .u« ■ the practical wink m science laboratories. Laboratory assistants are provided 
only at tin .i ,nor dccondiity level to look after the work in various science disciplines such as 
c.heinisliv, i hysu, 1 and biology. Undet the new education policy, die Leaching of science up to the 
Secomku h ml has been conceived to be integrated in nature and, therefore, a science 
lahoiHtin icnce room has been recommended for the implementation of the science curriculum 
ntfcctui 'v h is strongly felt that the laboratory assistant should assist the science teacher in 
[iiaui ,T' ’‘peiimcntul work, The essential qualification of a laboratoty assistant should be SSC 
vviin •/ ranis, chcirusuy and biology, Like science teachers, laboiatory assistants should also be 
oi ■ 1 o nr trained periodically to equip them with recent experimental techniques and innovative 

! , „ lict'S 


5.5.1 .Suggested Areas of Thrining for I mhoratory Assistants 

1. Knowledge ol ehenutals/apparams/equipments used in teaching science and m 
expci intents by children. 

/. Capability of maintenance of, and minor repairs in, the lafioratoiy. 

3, Awareness of laboratory it.v/.auls and safety measures. 

4. Lepamig solutions, iea Mils, preserving specimens an,’ 'resembling electrical cir- 

t nin, 

S Avancness ol sources t urn which necessary materials, specimens (seasonal) rind 
chemicals may be procured, 

6. Capability of setting up experiments and working as per the instructions of the 
science teachers. 

7. Use of audio-visual devices. 













CHAPTER 6 


Evaluation 


TK in ini | in|i(i.. of i.'ji'iing is to change the student's 1 2 behaviour in the desned duection 
!. ,.| i.iii,iii i. itu i.fov -■ oi determining the extent to which the desired changes in the student's 
behaviour lucK'ini; .■ in**’■ 1 I\n ilu.\ pjijm > n i. iieii_\ m* lint euilu. tiou 1 ' ricom passes the 
entue t,inge of ih sn •leui’, a in me- .iiul I'Mi.Tieiiu", i><nh. mu. ul.ii irmi'M mueulai It should 
covei all the dimensions ol growth— cognitive, aifcctivc and psychomotoi. 

The traditional methods ol evaluation testedJearncrs only in the cognitive domain to dip neglect 
of the affective and psychomotoi domains Evaluation was used as a tool only lor piomotmg 
students from one class to the next higher class at the end ol the academic yeat The evaluation 
tools sutfeied fiom senous diawbacks in icspect ol icliabdiLy, validity and objectivity The 
outcome of this type ol summative evaluation gives only a distoiled image of the learnci The main 1 
aim ol evaluation is to improve the teaching-learning process in addition to the appraisal ol the 
achievement ol learncis Evaluation is also concerned with the effects ol a cumculum, a course, 
a method of instruction, etc, on the achievement 

(U Policy Recommendations 

T'u lidlimi (cMiiiiiiunditi.t.i- lu e in'*.u men in National Policy on Education — 1986 
i>. iidri ' "i.‘ r ilu iimn pi.» i v ,iii,liiiii'ii .tiou reforms 

1 The examination should be employed to hung about qualitative improvements in 
education 

2 The examination system should ensure a method of assessment that is a valid and 
reliable measure ol the student’s development It should also be used as a powerful 
instrument fur lmpioving leaching and learning 

T, The education process should be such that it is possible to 

fi) eliminate excessive element ol thanceand subjectivity 

(u) de-emphasize memorisation 
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(in) ensure continuous and comprehensive evaluation that incorporates both die 
scholuMie and (tie non-schnlasUc at. pec Is ol education, spieud ovci the total 
,sjmn ol inMruclioiial time 

(iv) be used by teatheis, Maiden!;, and paienls 

(v) improve the conducting of the examination 

(vi) nitioduce desired changes in instructional materials and methodology 
(vu) inUoduce the '■emestei system horn die Secondary stage m a phased manner 
(via) use giades m place ol maiks, 

6.2 The Policy and .Strategies for Implementation 

The policy visuali; m"' ■ ■ ' (’ 1 assessment of performance with the piocess of learning 

and teaching, and i ■ i’.i .eg , • ol evaluation to bung about qualitative impiovement in 

education In oidei to ensute tliat the method o< assessment ol Lhe student’s pertoimancc is valid 
and reliable, the following shorl-ietm measuies and long-teim reforms have been pioposed in the 
Programme of Action (POA) lor implementing the education policy 

6.2.1 Short-term Measure's 

(l) Public examinations will continue to tie held only at thfe levels of Classes X and 
XII 

(il) Dcccnualisaiion of the operations involved in the conduct of examinations may 
be done to make the system work more eitectively 
(in) School Boards in certain Staten have set up a number ol sub- centres to 
1 decentralise lhe conduct of examination Adoption of sirmlai measures by other 
Stales will be pursued 1 1 

(iv) In the even! of decentralisation, (lie Stale boards will continue to get the question 
1 1 papcis set and printed, consolidate the resells of examinations, and also undertake 
1 1 test checks on random biisis of lhe I uncliomng of the sub-cenucs, and 
' (v) Spot evaluation of answer-scripts will he done 11 1 

6.2.2 Long-term Reforms 

(i) T he Boards will lay down the level;, of attainment expected at Classes V, VIII, X 
and XII 1 " 1 1 ' 

(it) The Boards will also prescribe die leai nine objectives 
, (ni) Abilities .uni lu-'t'e 1.11 !'■ 'h. U. an and should be assessed thmuglufistitutipnal 
evaluation ill' id uiiili. 4 ,im.i piorcdnie , evolved for .-arc h evaluation 

(iv) P-cacaich and ■',■> .‘li ■.uii'-oi n> valuation, jiiocvduie.s and in the conduct of 
examinations • ill 1 ■ a iu.Ui ■ i\l 

(v) Along wuh die external examination, conimuous institutional evaluation ol Lhe 
sc hoLcstic: and nun- scholastic aspects of evaluation will be introduced 
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(vi) Evaluation of the mdmt’n performance' will move towards cumulative grading 
system, 

6,2.3 Conduct,of Examinations 

(i) The possibility of introducing legislation to define various malpractices con¬ 
nected with examinations and treat them as eongnizable arid non-barlable 
offences will be considered. 

(ii) Such laws will also, when enacted, make provision to prescribe (he punishments 
for various offences under the law and, to include these within its scope. 

(hi) Innovations and experiments in the conduct of examinations, like priming and 
distribution of question papers with questions arranged in different sequences 

• to avoid copying and other unfair means in the examination hall, will be under¬ 
taken. 

In the light of the reforms suggested in the Programme ot Action of the NPFi-1986, the following 
guidelines are suggested for the bcncfiL of the States: 

1. Evaluation may be considered as an integral part of the teaching-learning process 
for its improvement. The continuous formative evaluation may be introduced. It 
may be used to assess the progress of the individual student and also for 
prescription at remedial study for weak students. 

2. Intensive in-scrvice training for the classroom teachers may be organized to 
acquaint them with the recent methodology and technique of evaluation. 

3. Rescaich and development cell for continuous improvement in the approaches 
and operation may be established at SCERT. 

4. In order to make the evaluation tools perfect in respect of validity, reliability and 
objectivity, comprehensive naming of paper-settcts may be organised. 

5. The non-scholastic aspects of science may be given due importance. Adequate 
arrangements for planning and conducting the oral and observation tests for 
collecting trustworthy evidence about die pupils* achievement needs attention, 

6.2,4 Pupils’ Evaluation in Science 

In the last decade, there has been a tremendous change in the techniques ol evaluation, i.e., in 
conducting examinations, setting the question paper and assessing the various abilities of the 
i.ideni.. Tin- oi>!i-> ii.rs recommended evaluation to be an intcgial part of the teaching-learning 
pm. . h ii mi i Id i it., 'onsonance with the approaches ol teaching science. At the Upper Primary 
■i.ji'.', -he inLvrjicd >. icrice curriculum is followed. The curriculum is based on the enviionment 
mu., ii,, ui i» <|, k-.iiiier The evaluation at this stage should comprise two pails: 

1. Sessional woik 

2. The terminal examination 
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In sessional woik, following activities may be evaluated 

(i) reports of the pupil’s activities,and the teacher’s demonstrations 
(ltj collet (ion and classiltuition ol specimens 
(m) icports ui visiLs to places of scientific interest 

(iv) written work 

(v) unit tests 

(vi) scientific attitude towards solving simple problems ancl interacting with the 
environment 

(vu) the scientific method in decision-making 

(via) the assessment ol expenmental skills and understanding of science concepts 
involve activity-oriented tests. The experimental skills include the skill ol 
handling appaiatus such as the thermometei, the meter-suck, the graduated 
cylindei, die magnetic compass, etc , and conducting experiments 

In the teimmalexamination, the pupils may be assessed tluough wiitten and oral examinations. A 
piopcr woightage should lie given to sessional woik, activily-ouentecl tests and Lhc terminal 
examination The Secondary stage (Classes 1X-X) is the terminal stage loi developing sciontdic 
Literacy for the maiodty of die learners. Only a small pcicentage of students go in for the science 
stream alter the Secondary stage. 

The evaluation at the Secondary stage may consist of’ 

(a) Sessional work and 

(b) The terminal examination. 

The sessional woik may include" 

(i) reports and records of pupils activities 
(u) simple projects 
(in) written work 
(tv) unit tests. 

The terminal examination may be written as well as oral The practical examination may be 
conducted to test various skills At the secondaiy stage, as the child is at the formal operational 
stage of mental development, the evaluation m science should be in terms of ox iginali ly, thorough- 
tiess in collecting data, organisation and summarization ol' data and reporting of Undmgs The 
pax: ess ol experimental woik and the conclusions drawn should he given due import ana, 
Emphasis may also be given to evaluate the following abilities in Secondary stage students 

(i) application ol science concepts, laws and principles m interacting with environ 
incut 

(u) the use of the scieutilic method in solving problems and making decisions. 



w 


"i'CE II'AcJIirw, GUrilLMNI'S 


(lii) application ol the- |inut enlerpusn o( science and ta hnulogy arid uudeitUnnding 
Ihcir intci telnbons in oilier aspu Is ol society 
tiv) skill'! ol mrmi|Hilalion arid handling <>1 sen ntdic umlruinciil:; and apparatus, and 
the rilulity lo make simple iniprovis.ilions, 

(V) the manipulative skills ol handling equipment such as the camera, the bulimy 
eliminator, etc , and the icpauing ol common household appliances. 

> J Evaluation of Curricular and fasti uciumal Materials 

■ivaluation ol curricula) and mslnidKiinil materials is an imporlanl aspect ol the tcaching-leaming 
uncess. 'I’tAlbonks arc generally ptescubed by the educational authorities and smvc as an 
mpmlant source ol teaching and learning ol a Milqecl li is, iheitlorc, necessary dial tin- oldie 
unc homilies at some pouiL ol tunc evaluate lest hunks in older I o deteinmie then suitability and 
ipptopilateness', in their states The difficult concepts may be identified These may h" made 
ampler by adding examples and analogu s lioin local envnnnnteni The toimal-level :,< win e 
nricepls may be eoncicli/ed and made undeislandable In addihun to I his, the evaluation ol a 
extbook is aimed at answenng the billowing general questions 

1. Is (lie Uxthook suitable, too ilillicuh or too easy lor Ihc level ol students in that 
particular ability gioup 7 

2. Is the lexlhook written in aeeoidance, with the objectives and conlenl hud down in 
the syllabus 1 * 

3, Does the textbook contain an adequate number ol illustratiori 1 ^ 

4, Does the textbook prcpaie students adequately (oi the public t xatrumiuorC 
5 Does the textbook c ontani cxpciinwrits/acUvitiey suitable lo the i onlenD 

i'he mam evaluation iiistiurnenis take die lonn ol a structured quesLiorinaues to he ansivued by 
ihc madieis and r indents who are using a paiLie ulai textbook Aqta stionnatte (Questionnaire 1) 
is given below loi teachei.s lui the evaluation on the use, of textbook by the .students 

iqUItS'l'IOiVIS URL j 
/'/tsar lu k ( W ) i/' uj'[jya[ir Ldlf t oltiinn 

tliav t. Tuch nr. ivl i.t 1 1 rut iIil it rihnnL Yc) 

1 1 vt.iy '.tudcul h is i UAlhnuk 

2 Snidcnis ri[i[W.si lo luve liilhcullvmhjlliiv'iiu; llic ivU-iok 

J SuiUenL;. raise qnaslions reg.mlinR eipre.Minis Oangiugo) 

m the IruhnoC Llut iht>y , umul imdeiu.mil 
4 Studenl. do not usl fir llikisoIi ihcirleutMinh 

i SludenU! do not n lor to I he tt a ibo- >1 v hin making nun or 
draw un; dugiana 
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[u the ihav cuiuculum ol science, ma|Oi emphasis i;; given oil ac Hvilic: and i vpf'iuncnl", So lL ui 
essential lo sludy and nnaly.ic cnii'lully Ihe conlcui ol the tevlbook 01 wuil hunk k, Imd oni how 
sellable and idovatil are (he given ccpeuments oi activities 1mm the teat hoi:; ami ‘indent 1 point 
ol view Foi this (impose, a quesUomuiic (Quesliun runic 2) lor th> teachers is given below 

(JUfca riONNAlRls i 

Te uhoi's opinion to o “a luatu n.iivinVo^mmu.m 1 , m .uemi j v s 

Ph iisc in l ( */ } in the apprupnat • (t'lnrhn 

If you strongly moot. (SA) with '.uLerntni, plm.e m.k iht column unJi r ('.A) oimtUilv (K\, (P) 
anil (£$1J) stand tin agrt c, di ,agn‘c ami sitonglv ills n;iei iuipuh\ilv 

sn n *v 2 1 

1 Hulun l teach, l hast to sqsir.il* llu 
maple f, xp( iifTU nls 1mm the ilifluiilt 

ones 

2 Mudenfs only do esponiTieuls om t’ m 1 
while dueln ihu shoitagc of maim nils ami 
jpp irat us 

I I u.uallv lumo lo »puul rr*u‘i ol my fine 
periods preparing lot puu tual demonstra¬ 
tions 

4 Then iinoneudioniiutouJieckor changi 
the e\pmrni nls to uni die aim** 

5 '{heiv is no problem o( obtaining the 
mattnaN hum my laboratory 

6 [ it*mlly hive to trio h(y 'he t qx nmuil»/ 
activities hvitau r e ol la< k ol material', 

/ tSiLidi nts can often Hu llu simple sen rum 
concqirs to build up the mote dilinult 
onus' late / on 

I) Sutnt linn . 1 hiO'e lo cancel some ol the 
uvpcrirm nls/i* tivilrts bicaust <4 l.iul ol 
materials 

0 1 usually find thee sputum nial prepat it ion 

t 1 real bunkn comput'd to dasstonm 

te ilIiuik 

10 The iinpin ,/ i«-(itiriii m e *pe aments and it’ 
uvitn ■> at^ n ally meaningful 

II ''t >y ulleii Ihc w <rm.ju runs drayoi **’ojj' in* 
c netum nls/nJema dune m dir lUu 

are djilejr (it (mm th*ise %r u - 1 in dm <n n.,1 



sen Ncr 'll ,aching (imnn ini.s 


sn u A SA 

I? Sonic of the ohjcaivcs [or the experiment 
fl(i not usually .ii'.rep wilh the cnpcnnn.il- 
t il crtnclusiun 

1J After ilit- exptnmem the 'itiulents tan al¬ 
ways answer It-SL qin siions related to tht 
oHjettivci 


valuation of Tan has and Teaching 

radius ait' the nnpleinenlcis ol all innovations in the classioom To a tctlam degree, they 
etcniuac the learning outcomes ol students, Unless the tcacheis are equipped with enough 
nowledge on how to laminate teaching learning situations, innovations will not he implemented 
s per the expectation. 

. super visni has an important role m Lite improvement ol tcacheis perfotmance in classroom He 
as to guide the tcacheis tor the lmpiovcrnent oi their teaching. In order to deter mine the aioas 
tquiring guidance, two questionnaires (3 & 4) me given These questionnaires should be used 
nly to find die areas where teachers require some help and not to pass any judgement on them 
y the stipervisoi 


QUESTIONNAIRES 


leather'x Self-Rvaluation 


Yes Not quite No 

A Preparation 

1 Do f go ihiough iny lesson cariliilly before 
going to 

2 Do I prepair my teaching materials in ad¬ 
vance? 

3 Do f set my objectives before 'Starling to plan 
what activities are to b<r i anted out7 

4 Do 1 plan my lea sun ui such a way tlut il fits 
the level of undcistanding of the studcmsV 

5 Do I try the es.perLinent.il dutivities mysUI 
before giving them to uudcnU 9 

(y U my lesson plan always ready for check up 
ui case my supervisor wants Lt? 

// I ns'tructional SI dl\ 

1 Do I motivate, my Undent's rntucsr bednre 
starting a lesson? 
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Yis Not quilt No 

2 Do f ask questions to find out the pre-requisite 
knowledge ol my students / 

3 Do 1 enc'uuiage my students to ask questions'! 

4 Are my questions well loimulated and under¬ 
stood by the students'/ 

5 Do I rtphrase or simplify my questions lor the 
benefit of .slow students'/ 

6 Do I give enough time for my students to ask 
anti answer quest tons? 

7 Do f give my students opportunity to catty out 
activities'/ 

8 Do I evaluate mv students’ uitdorstnadmg at 
the end ot the lesson'/ 

9 Do T show t qtial attention to all my sunk ms'/ 

10 Do [ piatse students or answer well? 

11 Do Lite tests I give rtliu-t tin, attainment ol the 
objectives sol lot the lesson? 

1 1 Do 1 cheek die tests of my students caielully? 

13 Do I me the results of the tests as basis loi 
further clarification if needed? 

Id Are the assignments 1 give properly 
motivated’/ 

15 Ate the assignments challenging? 

16 Do I check the assignments of mv students? 

17 Have I attended to those who did not do ot 
c ompleu the ir assignments? 


QUESTIONNAIRE 4 

Sufurvixot T Iwaluation an the Perjounance nj TsurW.i 

Yes Not quite No 

I Les\on Plan 

1 Are the objcittvLs ileaily stated'/ 

2 Aie the experimental activities provided ap 
prupnate'! 



srii'N c'H U-aching c,irn)f!.[ in to 


Yes Mot quite No 

•s Are then iulr qupitu questions to evaluate 
student' mill r .t indinp' 1 

0 Due, iht evaluation piovided lelk'ct'the ut>- 

JfCtlVCS^ 

2 In\triu ttrmal SAiilt 

( U Intrnim non t mU Pft'WfiitUton 

] Did [lit Gas*. ,tart promptly? 

2 Was ihe mttred oT the students aroused before 

the lesson was ml induced° 

\ Was the lesson sy-iciniiK »lly presented? 

4 Was 1 the tope preluded at the level ol under¬ 

standing <4 Lhc stink utG 

*) \V* m the netrfcil rnatenaL/upparntus re iffy * 

n Dul the teacher provide uk quale expenrru il¬ 

ia J ictivtues 7 

/ Did ihc toichet a d piupcr questions loanive 

til tlie corn Ui,.icmi r f 

(Ii) Tt'cn hin i; [e . hniqtu \ 

1 Wli a to i thing aids utili/t»1* 

2 V/ert the ii ichcr 1 *' lead qm scions precise and 

con ciscV 

3 Du! Lht te tchei encourage students tu ask 
questions'* 

4 Did the it* u her eiicuur ige .studmts to look lor 
die answers ihemsulves^ 

Did the teacher handle suulf iuV answers (t ur- 
ii‘ti or uiu/rucl) well? 

t\ Wis the teacher able to motivate ‘ind per 

pctLiuc the dLScussnm with more stimulating 
question', ,J 

/ Dnl l he tear her lead the students to mteiprcL 

ihcir landing s7 

8 Did the teachers. shoo ma* tcr> ot subjec t ixieli¬ 

te rV 

4 Did die lc ichet teach the right cuncepLs 0 

(C) j\\Kitfnm**nt and Evaluation 

1 Was Lhc Uar her able to evaluate iho students' 

under, muling at die end of the U .’son7 

Were thi ohjecLives achieved as planned7 
Wert die assignments moiiv itmg f 
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lie 


of Science Education 


In 1 lull .action of the science cuiiiciihmi from uimuiluin developers la Ihc Mudcnts involves a 
uiiih’i ill lurulionancs :il the State, district arul taluLa levels At these levels, the functionalics 
ivi'i ,i - I ate the educational adimmsiiaiois namely, the Hucl iuj ot la Ideal ion, the Joint Duet tor, 
ie Deputy Dueetni, dm Assistant Direef in, (he BduuilionOllieei'i.lhe Disiuel Education Off icons, 
ic S< lioiil Inspcotots.cic They arc also involved in the nianaucincnt ul super vision ancl inspci lion 
i the schools 

i a pjiticuhir school, Ihc f’nnnpal is the overall in-duigo ol both the academic and the 
lrnmi'.tralivc functions He manages these activities with the cooperation ot the teachers, the 
udcnls and the comniiimly All the States functionarie.s play an extiemely liupoiiant role in 
upiovmg the quality ol science education by pmviduig leadership in various fields, star ting (mm 
in ic ulniu development and going up to its dice Live transaction to the .student level The set-up 
I educational adiiurusliatois in a lew States and then functions aic given at the end ol this chapter 

I inspection and Supervision 

Ispahan and supervision aie often confused and heated as synonymous. Supervision is a 
miiiuiotus process utuleitaken to encouiuge and direct self-activated giowth and a specialised 
dp to tear lie is lor improving msluieliun 

lie ultimate aim is, ol turn sc, mipiovementol science i as Line Linn Inspection is done pet todically 
ul includes an element of supervision. In most of the Stales, supervision and inspection arc done 
i the same stall 

hlh the lormulatioil of theNFE-1986, the concept ol super vision ot science teaching has become 
ay important The supervisors arc now expected to play an impoitani iole by helping and guiding 
t; teachers to solve then problems m teaching and in mipioving the quality ol education The 
ipci vising olliccr should visit the schuols to guide arid help in impiovmg the school piogi amines 
staid of only passing judgements Supervision is regarded as a coupeialive endcavoui in which 
I the teacheis paitieipaLe, and the supervisor aus as a leader He acts as a guide and consultant 
all educational matters He helps in the organization of study groups, encourages professional 



THE MANAfiliMI'NT OF SCIENCE EDUCATION 


51 


leading and suppotts other form of m-suvicc tituning He encourages cspciimental work of 
various lands and spreads amongst die teachers ideas useful to Lire achievement o! this arm A 
teacher should not distrust or leat the supervisor and catty the impression that his shortcomings 
will be reported to the school administrators The supervisor should at the same time he caielul 
that the teachers do not develop a feeling that they aie more capable than the supervisor or that he 
has nothing of value to oiler them This attitude tan he countered only by tuselhnls in acquiring 
the latest knowledge and a self-assessment ol his academic growth at tegular intervals 

7.1.1 Surne Important Aspects of the Supervision 
arid Inspection of Schools 

The following aspects ol supervision and inspection may Ic considered while .lnspedmg'the 
schools - 


(a) School Building anti equipment 
fb) School Stall 

(c) School Funds 

(d) Curriculum Materials 

(e) Teaching-learning ol Science 
(1) Co-cunicularActivities 

(a) School Ilutlcluif; 

In addition to vaiious facilities, the school building should have adequate space laciliLtes loi 
science teat lung, carrying out science cxpcninenls/aelivines and for co-cunlculai science ac¬ 
tivities The building should have classrooms, science laboratories or science moms The science 
lahoialones/suenee rooms should be propeily designed lor maximum utilisation These should 
have the facilities ol electricity and water, and a proper drainage system There should he separate 
comer tor repairing and impiovising science equipments 

(b) School Skiff 

The science stall employed in a school should possess the requisite academic and professional 
qualifications A science supctvisoi ot inspector should pcisuade science teachers lo use all 
uunculum materials and teaching aids and also oigamze co-curnculai scictice activities 

(l) School Funds 

Adequate timds should be allocated lor the science teaching ptogiamme in the school The funds 
should lie piopeily utilized lot puichase ol equipments, apparatus and chemicals For this, a list 
ot vaiious items of equipment, specdicatious ol equipment and chemicals, sotuces from where 
these can be ptuchased, books, etc , may be provided to schools. Funds should also be made 
available loi maintenance ol the vaiious items ol equipment and for then replacement and 
lepamng Some funds should be provided lor pun hase ol science books lor the library, oigani/ing 
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I Ii ip tJ anil ru cuniculni sui two activities sir Ii ns debates cm cuncnt sc icncc topics, science 
iih‘, 'I icni i exhibition actenre essay umipeldioii, science assembly, me, 

) L'uninilor Mtitn ini;. 

ic c min iilii mdlcnal 1 , tor the Uppet Pimiaiy and Sccondaiy stages '(insist of l< a I books, 
Hliu’s handbooks, wotkbooks, cil Them is a hi fin the Upper Pimiaiy Mage ioi ctuiying out 
livitic-, In addition to dus, teachers ean tilso use ccitain tuidio-visual aids such as ceitam 
mstrips and films available in NCL.RT and from oilier agent ms 

) Teaching-/ aiming of Si icnce 

tout intuitu m itcnals m the class should be used lot achieving theobjccLtvi sol science teaching 
unioned in the NVb-iyKb The methods and techniques u>cd in the ciassiootrt lot teaching 
oiilil entourage an active pat Licipnlion of the pupils in die teaching-learning ptoecss The pupils 
oulcl take the iiuiiativc in acquiring new knowledge in science, and should develop the habit o! 
11-study The, demonstrations and pupil',’ activities should be pioperly orgam/ed The Leaching 
:ls such as chads and models .should be suitably used Irnpiovisation ol simple apparatus and 
inMiuclton of models should bo encouraged [’mpet ptocedutcs should be used lot the for (native 
id suminuLive evaluatnm ol pupils’ piogress 

Co-curriculiv Activities 

>-c.iiii icijIui activities •unp'i me tit the knowledge gamed by pupils in the classroom and help 
am to utilize then leisuic l"infLilly 

mtc ol the cn-cuii tcufat actis tlies are reading supplemcutaiy reading mateinds, such as popular 
tenet* :u tides arid popular science magazines, Lurrying out science activities at liome/tri school, 
rlictpatinn m science fans and exhibitions, wenkmg in ihe science club, etc 

ie student may also cany out small investigations These provide a chance to pupils to carty out 
teiililie investigations, plan the wotk, think of various ways to catty out Lite investigation and 
crpret the data 

le, mpervisens should piovtde adequate guidance to teachers in organizing such activities. The 
tcheis should see that eveiy student pmticipates in one or mote co-cun tculai acliviucs 

7.1,2 Supervision ol‘Science Teaching 

ie supervision of science teat fling in schools assumes gteatei impoitancc in view of the tenewed 
'phases on science teaching lor first ten years oL school education The supervision is not 
nfinerf to only the administrative role ol supu visory stall It is concerned mainly wiLh piovidtng 
idartce facilities to the science teachcis 
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Supervision is an expert piolessional service and is concerned with the inipiovenienl in learning 
science, It is concerned with the lung-lunge improvemc.nl ot science education A science 
supcivisoi provides effective leadeiship to silence leacheis and is duectly concerned with then 
ac aduuie giowth The billowing ate the main important functions ot a science supcivisoi 

I He should he well acquainted with the science cuniculum rd Ins Slate/distiicl For 
this, it is necessary that he participates in die programmes concerning science 
education. (Cumculum development, teacher-training, etc ). 

2, He should organize teacher-training program rues tor updating the knowledge ol 
teachers ot his Slale/dislricL in content as well as methodology 

3 He should have a piopei mechanism to check the quality ol chemicals, apparatus, 
biology specimens and equipment purchased by the school 

4 Ho should design programmes lot both (a) talented student;, so as to provide them 
opportunities to leant at then own pace, and (li) weakci students so as to provide 
Lhem cxtia assistance tu learning. 

5 lie should evaluate instruction by cliroc tclassiooin visits and individual eontoienccs 
with teachers. 

6 He should occasionally cheek the lesson plans ol teachers and suggest improve¬ 
ments 

7 He must emphasize showing appiopirate dunonstiulions and encouiagmg student 
participation in the learning piocess Sometimes model lessons may be given to 
leathers to acquaint them with the methods suitable lor that particular section ol 
pupils. 

8 He should see that adequate lunds ate available (or the science teaching piogi amine 
in schools This includes the selling up and mainlenanc e of laboratories and science 
rooms, pm chase ol common matenal loi .student’s science activities; held trips, such 
as collection ol samples, visits to facloiies (or a first-hand experience ol woik and 
to othei places ul scientific importance 

9 He should encourage leacheis to undertake small action iesejich piogrammes 

10. He should insist on the use ol local lesouiecs For science teaching and designing 
low-cost science apparatus 

II He should organize joint and common school science activities (science exhibitions, 
debates, etc ) for die cluster ol schools under tus juusdiction 

12 While visiting die schools, a supervisor should keep all die relevant papets (copies 
of lei lei s issued regarding sanction of lunds, and other instinct ions issued, lists of 
speed teal ions, etc ,) with him 

13 A supcivisoi should maintain a diaiy m winch he may note down the suggestions 
given and follow-up actions taken on his next visit 

In oidei to eltcctively discharge his nde, a science supetvisor should have a thoiough subject 
background and be in touch wiih the ice cm developments both in science and science education 
A science supcivisoi should possess all the qualities ol a got id teachei so that hc/shc may act as a 
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eililafoi iri addition In being a supervisor I fe should maintain good iclatious with tcachctx He 
u.si have the quality ol leadeistup He should also posses;: a.sense ot humour and the mutuiity to 
u'pt arguments against those he has given 

7,1.3 Suggested < kitlines (cm a f’rogi amine for Supervising Staff 

thiee days oiientatum programme i.s suggested lot science supervisors at the district level in 
lies It is expected that alLer undcigoinp oneuLiLiun, a science supeivisor will be able lo do a 
oie cflective supervision 

tst Du\ 

(aj Fstmiluiization with the NI’B 1986 m the contest ol science education 
(h) Objectives ol science teaching and aims u! gcncial education 
' (i) Philosophy ol the new sc icnce coinsc-s followed by Suites 
(ill Geneuil nu thuds (or sc icnce teaching 
(e) Organization ol leather-training piogiantmcs 

•i and Day 

fa; Acquaintance with places ol scientific. uiteic.st in the 5 tate/d is trie I 
(hi Financial requiiemems and eslimales in maintaining laboiatoiy equipment, and 
chemicals, anil oihet activities 

o j Familuuly with laboiatoiy equipment in the vaiiou.s science disciplines, and their 
specifications 

id) Knowledge- ol.supplicis of scieiititicequipmentol good quality, putehasc pioceduie, 

CLC' 


u/d Day 

(a) Designing piogiammes foi talented and weakei students. 

fb) Spot evaluation, ineLhudology of evaluation in various disciplines 

(l) Knowledge ol various action lesearch progiammes 

61) Co-cunicular activities like conducting mtei-scfiool science debates, quizzes, ex¬ 
hibitions, etc. 

ganization oj Conferences ISenu ruvslln service 
cithers' Training 

mfeicnces/Senmuiis foi teachers, He ad nu stem and Ptmcipals are veiy important for exchange 
ideas and lor updating the knowledge The Conlei cnee may be organized periodically oi at least 
ce in a year to discuss- (a) the vanous pioblems faced by the schools in lespcct oi science 
idling, and (h) any current topic of content or methodology pertaining lo science 
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The Slate auUiorities may organize periodically the in- .service mining programmes of teachers 
foi improvement of science education 

1.2 Rote of l*i incipals in Management of 
Science Education in Schools 

The Pinicipal, being the Head of the Institution, plays a veiy important rote in linding die ways 
and means ol imparting science education in his institution 

The following aie some suggestions tor Principals for implementation ol science teaching 
progi amines in schools in accoidance with the National Policy on Education - 1986' 

1 Coordination 

The coordination of vai ions science activities in the school is an important task of the school The 
Principal may assign this task Lo sonic senior science teacher He/she will draw up piogiummes 
concerning science education in consultation with the science teacheis and with the Puncipal of 
the school. He/she also keeps the Principal informed about the ret|iuremenl of the science 
department 

2 Supervision 

This consists of supei vision ot classioom teaching, programme of evaluation, and co-cumcular 
activities Supervision ot classroom teaching is an unpoitant duty of the Puncipal He should 
regulai ly visit the classes being taught by the different teachers The Puncipal should avoid giving 
suggestions to the teachers in the piesence of students He may suggest impiovcments in a pleasant 
and friendly manner alter the class. He should encourage the teachers to cariy out investigations, 
demonstration- experiments and action icsearehes lor the mipiovemcnt ot science teaching If the 
Principal happens to be a person with a non-science background, he may lake the help ot other 
science teachers in the supervision work. 

The Principal may invite old students of the school, parents or educated persons Ironi the 
community, who have interest in science teaching, to help science teachers in then work. He may 
also lake the help Irom voluntary organisations, local scienLrhc institutions, etc 

J Science Based Co -1 utricular Activities 

The Puncipal should assign theoigamsationol various co- curricular activities to teachers keeping 
in view the interest foi a paiucular activity. A propei place should be piovided in the time table 
toi cairying out these activities. He should encouiage teachers and students lo participate in 
co-cun icutar activities 

The billowing science based co-cuniculai activities me suggested lor being taken up in the 
schools 
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I O V h III f t 7ll/M( ffl'lf/r N 

(|) 7 >irm e Vwoiitn 1 hi students anil (cachets may participate in the seminar The 

bi.s't ,pe;d'u may he invited in clc-Uvn a tul 1 '.on any topic ni ^ uncut importance, 
i oncoming SLkm.c 

hi; hi.,Id tnp., to planes ul sen ntifU important i , liulnaUial units scientific- institu 
icns 

fui) Competitions ni;< v he oigaur/.ed tn writing science articles and collection of good 
aitu U*‘ may b< given tin shape of a magazine 

(iv) m mniitn hotlines hk- elecnonic uitints, photography, ct may be pursued, 

(b) 5< tcv'u l‘\htbtuon 

The, eniiduct o! nr unite tshibilum m dm school and to encourage the, children to paihupate in 

,nenc,e, e, lehitinns cornier t-‘-d at lustaet/Siate/i lalimm! levels. 

(c ) Ci’tvhmvoh ry Si it m e t''i\\nvah 

fit iciuc festivals umy be i.clt hinted on the lollov.'iug days 

Fcurnary National Science Day (The birthday n! Dr C.V 

Raman) 

s I Line National Environment Day 

'l lie suggested activities to be umleitaken on these days include 

(i) Depicting lilc ol scientists, conducting seminars, quiz, willing competitions, 
imponant asptcLs tn morning assembly 

(u) Disluhulion ol pn/es loi various competitions conducted dining ihc year 

(in) The abovi gown dates (Fob 2U, June S) me only two specific: activities The, 
I nit belays of oilier scientists may he celebrated at Nast duimg the morning 
assenihly 

Pend.; may heal located lor the otgant?otionol co-cun icuior science a< tmtnvnnd also lor purchase 

ol popular sen-ucc journals of school level 

(d) Other Activities. 

The I'tllowmgai tiwties may also be undertaken 

ri) Putting up phorographs < ; i gteat senamstr, o/i the v/alls ol tin. laborutoty and the 
i iajsroums 

(u) Enquiring and pulling up clmm slmwmg sum, eqperimonP. 
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(m) Sc tern e I dm Shows: Teachers may be on (-unrated (it gel science films from film 
ltbi lines and show them to students 

(i •/) Science Cot nerlLibrary Must urn Student'; should be given a separate t(Kim/(iIy<<* 
where they may read science inagti/jitw, periodicals and display specimen 
ptepared by them. Adequam number of periodicals and reference books should 
be made available 

4 Timetable Framing 

(0 The timetable should he arranged in such a way that science teacher; get 
preparation periods to make arrangements lor demonstration and laboratory 
woik, 

(ii) Provision may be made in the timetable so that students may listen to Radio 
Science lessons ot watch lessons on television 

j I ahoi atoi'/ Equijimem 

l he science 1 iboutories should be well equipped The Principals should convince the concerned 
author rfres icgaiding the needs of the science laboratories ol his institution The teachcis may be 
encouraged to improvise low-cost material (whoever possible) 

The Pimc ipal m,iy sec to it that the laboiaiwms me ptopcily maintained and the facilities available 
au lul’y ntdised 

0 Provision vj hands andFnu hose of /l Inlands 
for Saena Activities 

Pm usioi may he made lor cnntmgeui giant (or pmchasi of «:i a ■nee materials, such as chemicals, 
science specimens and teaching aid, (such .is'models and < harts) TV Principal may also get 
science 1 its lor his institution 

Several types ol grants am pmvnKl by the conceinrd autiioiilics to the school Thr piattice ol 
ninl ing purchases at trie end ol the fnuinci.il ytai .diould be avoided The 1’miupal may appoint 
a purchase committee lor the purchase of science equipment apparatus and chemicals 


The administrative set-up of a few status and then bm.id 1 unctions am given m the ensuing pages 
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SCIENCE TEACHING GUIDELINES 


11 DDE(Uxlbouk) 

He/sho r, cvofhuo Dirator of the Ddlu TeUboolt Burenu His/her office is responsible for adapung any textbook and foi 
transportation of NCTR'I books, printing of books and produttion and Jisiribiiuon of textbooks 

12 ODE (OuM) 

The Union Temloiy of Delhi is at present divided into live educational Distncis each being headed by a D D li hath 
Distua has a certain number of zones as follows 

( 1 ) District-North-Comprises Zones 1 to 7 

(u) District—East - Composes Zones H to 11 
(in) Distnct—Centi4 - Comprises Zones 12 to 16 
(iv) District—South - Comprises Zones 17 to 22 

(v) Disttit t - West - Comprises Zones 2J to 28 

13 fowl Education Officer 

Each zone is headed by one Education Officer (li 0) and there is a Dy Education Officer (D,E 0) On an average each 
zone has 30 to 40 schools of all types (Middle/betondmy/Si Secnndary/Boys/Girls/Co educational/Govt/Aided/Unanled 
'file D D E (Districts) is the head of the Distiict and deals with administrative ot icadcmic matters through the respective 
EO and D E Os, 

llena, the Heads ol all schools are under die concerned Zonal Education Officers 
Deputy Director of Education (Sum e) 

The D DE (Sc) deals with any nr all matters related ro science education, vocational education and work education 
(SUPW) programmes, at the different science centres under him/her 
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(B 

Dnectoi (SCERT) 

Jomt/Deputy Director (SClsRT) 

Joint Director of KdiicaQun (Adnnniitration) 
District Education Officer 


Provides at aderaic guidance, conducts teacher 
training programmes and also supervision work in 
schools 

Academic guidance, teacher training, supervision of 
curriculum development and educational research 
at the departmental level 

Overall administration and supervision 
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